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ABSTRACT
The p o te n t i a l  h azard  o f  m ycotoxlns In  our food supp ly  has c re a te d  
g r e a t  co n ce rn  In  th e  U .S.A . and ab ro ad . T h is has been  d ram atized  by 
r e c e n t  o u tb rea k s  o f m y co to x ico sis  In  dom estic  a n im a ls , and r e c e n t  
c a rc in o g e n ic  im p lic a tio n s  o f m ycotoxlns in  an im als and humans. Among 
many u b iq u ito u s  and to x ig e n ic  m olds, A s p e rg il lu s  ochraceous W ilh has 
been r e p o r te d  to  produce a t  l e a s t  th re e  to x in s ,  named o c h ra to x in s  A,
B and C. O ch ra to x in  A has been  c l a s s i f i e d  as a  h e a t s t a b le  h ep a to x ln  
fo r  p o u ltry  and mammals, and I t s  t o x i c i t y ,  c u r r e n t ly  under in v e s t ig a ­
t i o n ,  i s  com parable to  a f l a to x ln  f o r  p o u l t r y .  The p re s e n t  
a n a ly t i c a l  m ethodology r e q u ir e s  improvements as r e v e a le d  by a  rev iew  
o f  l i t e r a t u r e  to  c a r ry  o u t e x te n s iv e  su rv ey s  o f food m a te r ia ls  fo r  
th e se  to x in s ,  le a d in g  to  a s s e s s in g  t h e i r  e x te n t  o f  n a tu r a l  con tam ina­
t i o n ,  i f  an y . T h is in v e s t ig a t io n  was u n d ertak en  to  e x p lo re  new methods 
o f  p u r i f i c a t i o n ,  d e te c t io n ,  q u a n t i t a t iv e  m easurem ents and c o n firm a tio n  
o f  th e  p resen ce  o f  o c h ra to x in s  in  food m a te r i a l s .  A r a p id  and 
s e n s i t iv e  TLC tech n iq u e  on d ip -c o a te d  m ic ro sco p ic  s l i d e s  was m o d ified  
fo r  use in  q u a l i t a t i v e  sc re e n in g  t e s t s  o f m yco tox lns. The s e n s i t i v i t y  
o f  t h i s  method was 0 .01  >\g. High s ta n d a rd  r e c o v e r ie s ,  (9 5 , 98 and 90 
p e r c e n t ) ,  c o rre sp o n d in g  to  o c h ra to x in s  A, B and C, r e s p e c t iv e ly ,  were 
ach iev ed  by u s in g  a  new c lean u p  p ro c e d u re , w hich in c lu d ed  F l o r l s i l  
column chrom atography . A p H -ad ju s ted  aqueous hexane p a r t i t i o n  o f  
ch rom atog raph ic  e lu a te s  o f  sam ples e x t r a c te d  from g reen  c o f f e e ,
C ap sicu a  p e p p e r, and b a r le y  e f f i c i e n t l y  removed s e r io u s  in te r f e r e n c e s  
f o r  TLC a n a ly s is  o f  o c h ra to x in s . An o b je c t iv e  method o f  q u a n t i t a t iv e
d e te rm in a tio n  o f o c h ra to x in s  A, B and C was s tu d i e d .  T h is  m ethod i s  
b a se d  on th e  s o l i d  s t a t e  f lu o re s c e n c e  e m iss io n  o f  th e  to x in s  m easured 
d i r e c t l y  on TLC p la t e s  w ith  a  f lu o r o d e n s i to m e te r , S t a t i s t i c a l  
a n a ly s i s  o f th e s e  r e s u l t s  showed h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n s  
(P <  0 .0 1 )  be tw een  w orking c o n c e n tr a t io n s  and f lu o re s c e n c e  e m is s io n . 
C o r r e la t io n  c o e f f i c i e n t s  o f  0 .9 5 ,  0 ,9 0  and 0 ,9 7  were fo u n d , 
c o rre sp o n d in g  to  o c h ra to x in s  A, B and C , r e s p e c t iv e ly .  H igh ly  s i g n i ­
f i c a n t  d i f f e r e n c e s  (P  < 0 . 0 1 )  were found  f o r  m easurem ents betw een 
d i f f e r e n t  TLC p l a t e s .  Only a  l i n e a r  r e l a t i o n s h i p  was a s s e s s e d  
betw een  c o n c e n tr a t io n s  and f lu o re s c e n c e  e m iss io n  o f  e ac h  o c h ra to x in .  
The p r e c i s io n  o f  t h i s  m ethod, w i th in  th e  w ork ing  c o n c e n tr a t io n  l e v e l s  
d e s p i te  TLC p la t e  d i f f e r e n c e s ,  was e x p re s s e d  by  th e  fo llo w in g  
c o e f f i c i e n t s  o f  v a r i a t i o n ;  9 .6 ,  10 and 5 ,7  p e r c e n t ,  c o rre sp o n d in g  to  
o c h ra to x in s  A, B and C, r e s p e c t iv e ly .  The c o n d i t io n s  and w ork ing  
c o n c e n tr a t io n s  to  f u r t h e r  m in im ize th e  e x p e r im e n ta l  e r r o r  were 
s u g g e s te d , UV sp e c tro p h o to m e try  was u sed  b o th  q u a l i t a t i v e l y  and 
q u a n t i t a t i v e l y .  O c h ra to x in s  and p igm en ts p roduced  by A s p e rg i l lu s  
och raceo u s W llh  ab so rb  r a d i a t i o n  s t r o n g ly  n e a r  th e  same UV r e g io n .  
O c h ra to x in  c o n c e n tr a t io n s  in  e th a n o l  above 0 ,5  ppm can  be  m easured ; 
how ever, th e  sam ples r e q u i r e  f u r t h e r  p u r i f i c a t i o n .  Gas ch rom ato­
g ra p h ic  a n a ly s i s  o f  o c h ra to x in  A was n o t  f e a s i b l e  f o r  q u a n t i t a t i v e  
d e te rm in a t io n .  Two c o n f irm a to ry  m ethods o f TLC a n a ly s i s  o f o c h ra to x in s  
A, B and C w ere i n v e s t i g a t e d ,  and th e  r e s u l t s  c o n firm ed  by 
In s tru m e n ta l  m eth o d s. A p ro p o sed  chem ical d e r lv a to g ra p h ic  m ethod o f  
o c h ra to x in  c o n f i rm a t io n ,  u s in g  t r l f l u o r o a c e t l c  a n h y d rid e -  
te t r a h y d r o f u r a n  (TFA-THF) r e a c t io n  sy s te m , y ie ld e d  more c o n s i s t e n t  
r e s u l t s  th a n  an a c e t i c  a n h y d rid e  d e r iv a t iv e  p ro ce d u re  o f  o c h ra to x in
x l
A, w hich was r e p o r te d  in  l i t e r a t u r e .  T his TFA-THF d e r lv a to g ra p h ic  
method c o u ld  be u t i l i z e d  as a ro u t in e  method o f d i r e c t  TLC c o n firm a tio n  
o f  p resum ptive  o c h ra to x in s  A and B e x t r a c t s ,  and th e  r e s u l t s  c o u ld  be 
f u r th e r  s u b s ta n t ia te d  by th e  UV sp e c tro sc o p y  and m ic ro b io lo g ic a l  a ssa y  
o f th e se  d e r iv a t iv e s ,  u s in g  B a c i l lu s  c e reu s  m ycoides LSU as th e  t e s t  
o rgan ism . The m ic ro b io lo g ic a l  a ssa y  o f  o c h ra to x in s  A, B and C 
u t i l i z i n g  B. c e re u s  m ycoides as th e  t e s t  o rgan ism , and th e  c o n d it io n s  
fo r  th e  c o n firm a to ry  a ssa y  and q u a n t i t a t iv e  d e te rm in a tio n  o f  o c h ra ­
to x in s  were proposed  in  t h i s  in v e s t ig a t io n .  O vern igh t r e s u l t s  c o u ld  
be o b ta in e d  r o u t in e ly .  The s e n s i t i v i t y  o f  B . c e re u s  m ycoides L .S .U . 
to  o c h ra to x in  A and B was found to  be  l .S  and 3 ^ g , r e s p e c t iv e ly .
x l l
INTRODUCTION
The u b iq u ito u s  n a tu re  o f molds and th e  damage th a t  th ey  cause  to  
a g r i c u l t u r a l  p ro d u c ts  has been re c o g n iz e d  fo r  many y e a r s .  However, 
th e  p o te n t i a l  danger o f to x ic  m e ta b o li te s  produced by c e r t a i n  molds in  
food and fee d  m a te r ia ls  was on ly  r e c e n t ly  b ro u g h t to  the  fo re  by th e  
d ram a tic  1960 o u tb re a k  o f  "Turkey X" d is e a s e  in  England in  which 
hundreds o f  thousands o f  farm  an im als d ie d . The cause  was t r a c e d  to  a  
peanu t m eal Im ported from  B r a z i l  and over one m i l l io n  d o l la r s  In  law 
s u i t s  r e s u l t e d  (8 8 ) .  T h is  B r a z i l i a n  p ean u t meal was l a t e r  found to  
c o n ta in  to x ic  and f lu o re s c in g  su b s ta n c e s  w hich were c a rc in o g e n ic  when 
fed  to  p o u l try  and mamnals (6 1 ) . These f lu o r e s c e n t  m a te r ia ls  were 
named a f l a to x in s  b ecau se  th e y  were produced by a t  l e a s t  some s t r a i n s  o f 
A s p e rg i l lu s  f la v u s  L ink ex  F r i e s .
The a f l a to x in  problem  in  E ngland caused  g r e a t  co n ce rn  a l l  over 
th e  w o rld . In  th e  U nited  S t a t e s ,  t h i s  concern  was doubled due to  th e  
1963 o u tb re a k  o f  t r o u t  hepatoma in  C a l i f o r n ia  h a tc h e r ie s  in  w hich a 
moldy c o tto n se e d  meal was im p lic a te d  (8 7 ) . F u rh te rm o re , in  th e  s p r in g  
o f  1963, i t  was re p o r te d  t h a t  a dom estic  peanu t meal produced a h igh  
In c id e n ce  o f hepatoma when i t  was fed  to  r a t s  (1 0 2 ). S ince th e se  
developm en ts, much a t t e n t io n  has been fo cu sed  on the  problem  o f molds 
and m ycotoxlns to  such  an e x te n t  th a t  s e v e ra l  books (1 0 1 ,1 4 5 ) , rev iew  
a r t i c l e s  (4 4 ,4 9 ,6 0 ,6 3 ,8 8 ,1 4 2 ,1 4 7 )  and o v e r 800 r e s e a r c h  p ap ers  (108) 
have been w r i t t e n  on t h i s  s u b je c t .  Most a t t e n t i o n  has been  devo ted  to  
a f l a to x in s  in  n u ts  and n u t p ro d u c ts ,  c o co a , c o f fe e  b e an , and 
c o tto n s e e d  m ea l. However, a f l a to x in s  a re  n o t th e  o n ly  m ycotoxlns to
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be concerned  w ith  nor a re  the  above coim noditles th e  o n ly  ones In  which 
th e se  molds can  be a  p o te n t i a l  h a z a rd .
S ev e ra l o th e r  m ycotoxlns have been I s o la te d  and t h e i r  m o lecu la r
s t r u c tu r e s  c h a r a c te r iz e d ,  and t h e i r  t o x i c i t y ,  mode o f  a c t io n  and
o v e r a l l  Im portance a re  now s u b je c ts  o f c u r r e n t  s tu d ie s  by s e v e ra l
I n v e s t ig a to r s  in  t h i s  c o u n try  and ab ro ad  (7 1 ,8 1 ,8 9 ,1 3 1 ,1 4 2 )  , Among
th e se  a re  th r e e  to x ic  m e ta b o li te s  produced by some s t r a i n s  o f a  v e ry
common m old, A s p e rg il lu s  och raceous W ilh . These m yco tox lns, o c h ra -
to x in s  A, B and C, have been I s o la te d  and c h e m ic a lly  c h a r a c te r iz e d
and t h e i r  s t r u c tu r e s  confirm ed  by s y n th e s is  (7 1 ,1 1 6 ,1 1 7 ) . The
t o x ic i t y  o f  c rude  p re p a ra t io n s  o f  t h i s  o rgan ism  has been  dem onstra ted
by s e v e ra l  in v e s t ig a to r s  (2 4 ,7 1 ,7 2 ,7 3 ,8 0 ,1 0 5 ) .  The re p o r te d  LD^q o f
o c h ra to x in  A Is  20-25 m icrogram s per 50 g body w eigh t u t i l i z i n g  one-
day o ld  Peking d u c k lin g s . T h is  t o x i c i t y  I s  com parable to  th e  LD_. o f5u
a f l a to x in  , th e  most to x ic  o f  th e  a f la to x in s  (2 8 ,7 2 ,9 7 ,1 2 8 ) .
A s p e rg i l lu s  ochraceous W ilh has been  I s o la te d  from  w heat (2 2 ) , 
b la c k  pepper (8 0 ) ,  legumes and c e r e a l  g ra in s  (7 2 ,1 0 5 ) , hops (1 3 7 ), 
red  pepper and Is  a r a th e r  common i s o l a t e  from  the  s o i l  o r  from the  
s u r fa c e  o f any p ro d u c t w hich has been  in  c o n ta c t  w ith  th e  i o i l  (2 4 ) . 
Among s e v e ra l  to x in o g e n ic  f u r ^ i ,  I s o la te d  from  foods l in k e d  w ith  
human I l l n e s s ,  was re p o r te d  a  P e n ic i l l iu m  s p e c ie s ,  w hich produced 
o c h ra to x in  A (1 3 7 ) . However, th e  i s o l a t i o n  o f  to x in o g e n ic  molds from 
food m a te r ia ls  does n o t n e c e s s a r i ly  in d ic a te  t h a t  the  to x in  i s  p re s e n t. 
F u rth e rm o re , i t  has been  r e p o r te d  t h a t  A s p e rg i l lu s  och raceous W ilh 
r a p id ly  Invaded  c o rn  a t  m o is tu re  l e v e l s  o f  16 p e rc e n t o r  above. T his 
mold grew m ain ly  In  th e  embryo c a u s in g  d e a th  and decay (2 2 ) . In  
c o n t r a s t ,  d e te c ta b le  le v e ls  o f  o c h ra to x in  A and t r a c e s  o f  o c h ra to x in  C
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w ere r e c e n t ly  r e p o r te d  in  co rn  sam ples n a tu r a l l y  co n tam in a ted  In  w hich 
no v ia b le  specim en o f  A s p e rg i l lu s  och raceous W ilh was found (1 0 9 ).
In  view  o f  the  p o t e n t i a l  danger posed by th e se  to x ic  m e ta b o li te s  
o f A s p e rg i l lu s  och raceous W ilh in  th e  food in d u s t r y ,  i t  i s  im p e ra tiv e  
to  improve th e  m ethodology le a d in g  to  an in c re a s e  in  s e n s i t i v i t y ,  as 
w e ll as th e  p r e c is io n  and accu racy  o f d e te rm in a tio n s  by e l im in a t in g  
in te r f e r e n c e  and in tro d u c in g  more o b je c t iv e  tec h n iq u e s  o f  q u a n t i t a t iv e  
m easurem ents. In  a d d i t io n ,  th e re  i s  a  need  fo r  r a p id ,  sim p le  and 
a c c u ra te  methods o f  co n firm in g  th e  p resum ptive  i d e n t i f i c a t i o n  o f 
o c h ra to x in s  by d i r e c t  com parison  o f  th e  s ta n d a rd s  and th e  unknown 
sam ples o b ta in e d  by th in  la y e r  chrom atography . T h e re fo re , t h i s  p re s e n t  
i n v e s t ig a t io n  was u n d e rtak en  to  s tu d y  and e x p lo re  new o r  m o d ified  
r o u t in e  m ethods o f  e x t r a c t i o n ,  p u r i f i c a t i o n ,  d e te c t io n ,  q u a n t i t a t iv e  
m easurem ent and c o n f irm a tio n  o f  o c h ra to x in s  A, B and C in  food 
m a te r i a l s .
A rev iew  o f  l i t e r a t u r e  r e v e a ls  t h a t  p re v io u s  in v e s t ig a to r s  have 
proposed  ro u t in e  m ethods o f  d e te rm in a tio n  o f  o c h ra to x in  A (1 9 ,3 8 ,7 5 , 
1 0 6 ,1 0 9 ,1 1 5 ,1 3 7 ) . However, th e re  a re  some d i f f i c u l t i e s  t h a t  need to  
be s o lv e d , f o r  exam ple, th e  f a i l u r e  on th e  p re s e n t  method o f  e l im i ­
n a tin g  s e r io u s  In te r f e r e n c e s  in  c e r t a i n  co n m o d ltle s  as g re e n  c o f fe e  
b e a n s , b a r le y ,  mri Capeicurn p ep p er. Some o f  th e se  m ethods a re  o n ly  
d esig n ed  f o r  th e  d e te rm in a tio n  o f  o c h ra to x in  A. Only two o f  th e se  
m ethods proposed  any p ro ced u re  o f  c o n firm a tio n  f o r  th e  p resen ce  o f 
o c h ra to x in  A by r a p id  and sim p le  m ethods. F u rth e rm o re , th e  use o f th e  
o b je c t iv e  method f o r  q u a n t i t a t iv e  m easurem ents o f o c h ra to x in s  by 
d i r e c t  f lu o ro d e n s i to m e tr ic  m easurem ents on th in  la y e r  ch rom atograph ic
p la te s  r a th e r  th an  th e  v i s u a l  method o f  d i r e c t  com parison  o f  th e  
s ta n d a rd  sp o ts  a g a in s t  unknown sam ple s p o ts  has n ev er been  r e p o r te d .
REVIEW OF LITERATURE 
A, S ig n if ic a n c e  o f Molds and M ycotoxlns
Fungi m ust be c o n s id e re d  as s u c c e s s fu l  forms of l i f e  due to  t h e i r  
abundance and trem endous a d a p ta b i l i t y  to  en v iro n m en ta l changes (2 1 ) .
I t  was re p o r te d  t h a t  s e v e ra l  molds were i s o l a t e d  w h ile  grow ing in  a 
2 N s u l f u r i c  a c id  s o lu t io n ,  presum ably d e r iv in g  t h e i r  en erg y  from 
tr a c e s  o f o rg an ic  m a te r ia ls  p re s e n t  In  th e  s o lu t io n  (1 1 2 ) . T h e re fo re , 
m olds, due to  t h e i r  a d a p t a b i l i t y ,  have been ack:'; owl edged as b io ­
c h e m ic a lly  im p o rta n t, p r im it iv e  o rg an ism s, cap ab le  o f c a u s in g  g r e a t  
econom ic lo s s e s ,  e s p e c ia l ly  to  th e  food in d u s t r y  th rough  food sp o ila g e
(2 3 .1 4 2 ) . However, th e  r o le  o f  molds as a  hazard  to  th e  q u a l i ty  and 
s a f e ty  o f food f o r  human consisnp tion  was a p p re c ia te d  on ly  r e c e n t ly
(4 9 .6 0 .1 4 2 ) .
The 1960 m ajor o u tb re a k  o f p o iso n in g  o f farm  s to c k  in  E ngland 
d ram atized  th e  problem s o f molds and m y co to x ln s . Hundreds o f 
thousands o f farm  an im als d ie d  from  a m y ste rio u s  d is e a s e ,  "Turkey X" 
d is e a s e  (8 8 ) .  The problem  was t r a c e d  to  an im ported  B r a z i l i a n  peanu t 
m eal. L a n c a s te r  e t  a l .  (61) r e p o r te d  f o r  th e  f i r s t  tim e th e  p resen ce  
o f a f lu o r e s c e n t  and to x ic  m a te r ia l  in  sam ples o f B r a z i l i a n  peanut 
m eal in  E ng land . T h is m a te r ia l  was found to  be c a rc in o g e n ic  when fed  
to  r a t s ,  p roducing  l i v e r  carcinom as in  ap p ro x im ate ly  s ix  m onths. The 
dose was e s t im a te d  to  be o f th e  o rd e r  o f 5 ppm in  th e  fe e d  on the  b a s i s  
o f v i s u a l  f lu o re sc e n c e  o f c rude  e x t r a c t s  s p o t te d  and developed  on t h in  
la y e r  c h ro m a to p la te s  (6 1 ) .
When th e  B r i t i s h  re c o g n ise d  th e  so u rce  and cause  o f  th e
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"Turkey X" d is e a s e ,  they  c a l le d  a t t e n t i o n  to  e a r l i e r  work in  th e  
S o u th e a s te rn  U nited  S ta te s  on d is e a s e s  from moldy d i e t s .  B u rn sid es 
e_t j j l .  (14) r e p o r te d  t h a t  a  d is e a s e  o f  sw ine and c a t t l e  in  G eorg ia  was 
caused  by e a t in g  moldy c o rn . T his and o th e r  e a r l i e r  r e p o r ts  im p li­
c a t in g  molds and mold to x in s  d id  n o t cause a g r e a t  concern  in  th is  
c o u n try  o r abroad  (4 4 ,4 9 ,5 7 ) .  However, much e f f o r t  was d i r e c te d  to  
the  problem s of molds and mold to x in s  a f t e r  th e  B r i t i s h  o u tb rea k  of 
"Turkey X" d is e a s e  in  1960, in  w hich a  B r a z i l i a n  peanu t meal was 
im p lic a te d  and in  th e  1963 o u tb re a k  o f t r o u t  hepatoma In  C a l i f o r n ia  
h a tc h e r ie s ,  in  which a  dom estic  c o tto n se e d  m eal was blam ed. I n  each  
o u tb rea k  th e  wholesom eness o f a b a s ic  p roduct was q u e s tio n e d , and 
u n d ersco red  the  g r e a t  p o te n t i a l  o f m ycotoxlns fo r  c o n ta m in a tio n  o f 
food fo r  human consum ption . T h e re fo re , th e re  was a  need to  e s t a b l i s h  
th e  wholesom eness o f  th e  b a s ic  p ro d u c t and to  develop  th e  n e c e ssa ry  
s p e c i f i c a t io n s  to  a s su re  th e  q u a l i ty  o f th e  p ro d u c t fo r  food o r  feed  
u se . The C a l i f o r n ia  c o tto n se e d  m eal was n o t an a ly zed  fo r  th e  same 
to x ic  and f lu o r e s c e n t  compound re p o r te d  by L a n c a s te r  e_t a l .  (6 1 ) .
Even though s t ro n g  e v id e n ce s  today p o in t  to  a f l a to x ln  as th e  c a u s a t iv e  
a g e n t, i t  may never be known what a c tu a l ly  caused  th e  1963 o u tb re a k  o f 
t r o u t  hepatoma in  C a l i f o r n ia  h a tc h e r ie s  (4 6 ,8 7 ) .
The o ccu rren ce  o f hepatom as in  r a t s  fed  a  d i e t  c o n ta in in g  a  
dom estic  peanu t meal was re p o r te d  by Salmon and Newberne (1 0 2 ) . 
However, D iener e t  _al. (35) was th e  f i r s t  to  I s o l a te  A s p e rg il lu s  
f la v u s  L ink ex F r ie s  from  to x ic  p ean u t m eal w h ile  w orking a t  Auburn 
U n iv e rs i ty ,  Auburn, Alabama. Carnaghan e t  a l .  (18) s tu d ie d  the 
t o x i c i t y  o f  a f la to x in s  in  d u c k lin g s , and concluded  th a t  the  
v a lu e s  fo r  a f la to x in s  in  d u c k lin g s  v a r ie d  a cc o rd in g  to  th e  a f l a to x ln .
e
A c o r r e l a t io n  betw een t o x i c i t y  and the  chem ical s t r u c tu r e  o f 
a f la to x in s  was p o s s ib le  when th e  M.X.T. I n v e s t ig a to r s  succeeded  in  
I s o l a t i n g ,  c h a r a c te r iz in g  and p roposing  th e  m o lecu la r s t r u c tu r e  o f 
a f la to x in s  B^, B^* and as d ifu ran o -co u m a rin  d e r iv a t iv e s  ( 6 ) .
B.
B^ “ No d .b .  a t  f  u ran  1
LD^q Peking d u c k lin g s  
0 ,36 4 -0 .5 6 4  mg/kg 
1 ,3 0 -2 ,2 0  mg/kg
G2 “  No d .b .  a t  fu ra n  i
LD^q Peking d u c k lin g s  
0 ,7 8 4 -1 .8 0  mg/kg 
3 .1 6 -3 .7 6  mg/kg
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O ther m ycotoxlns have been  r e p o r te d .  O lifso n  (81) I s o la te d  
s e v e ra l  molds from o v e rw in te red  c e r e a ls  in  the  U .S .S .R . In  a d d i t io n ,  
he i s o la t e d  th e  to x ic  p r in c ip le s  in  each  c a se , c h a r a c te r i s in g  t h e i r  
chem ical s t r u c tu r e s .  Some o f th e se  moldy c e r e a ls  have been a s s o c ia te d  
w ith  c a u s in g  d is e a s e s  in  man (5 7 ,1 4 2 ) . R ubinsh teyn  (101) re p o r te d  
t h a t  A lim en tary  Toxic A le u k ia , a d is e a s e  c h a r a c te r iz e d  by hem orrhagic 
d ia th e s e s  w ith  anemia and se v e re  leu k o p e n ia  in  man was a t t r i b u t e d  to  
to x in o g e n ic  m olds, e s p e c ia l ly  to  Fusarium  s p o r o t r ic h lo ld e s  and c lo s e ly  
r e l a t e d  fu n g i .  He found th a t  th e  to x ic  p r in c ip le  cou ld  be d e s tro y e d  
by h e a tin g  above 200°C. Forgacs and C a r l l  (44) d e sc r ib e d  th e  same 
d is e a s e  w ith  s im i la r  sym ptons in  farm  a n im a ls . P e rk e l (84) re p o r te d  
a n o th e r  im p o rtan t endemic d is e a s e  in  humans, e s p e c ia l ly  p re v a le n t  in  
c h i ld re n  o f  p resch o o l and sch o o l a g e s . T h is d is e a s e  was named Uroc 
d is e a s e  and i t s  symptoms a re  c h a r a c te r iz e d  by a  sh o r te n in g  o f  long  
b o n es, d e fo rm atio n  o f j o i n t s ,  f le x o r  c o n tr a c tu r e s  and m uscu lar a tro p h y . 
D i s a b i l i ty  develops g ra d u a lly  w ith  a c h ro n ic  c o u rse  u n t i l  s k e l e t a l  
grow th i s  co m p le ted . T his d is e a s e  i s  a ls o  w idesp read  in  Korea and 
C hina. I t  has been a t t r i b u t e d  to  a t  l e a s t  s e v e ra l  s t r a i n s  o f 
Fusarium  s p o r o t r ic h lo ld e s  grow ing in  m o is tened  g r a in s .  O ther s p e c ie s  
o f Fusarium  have been c au s in g  tro u b le  f o r  decades to  farm  an im als In  
d iv e rs e  a re a s  o f the  w orld  as Y u g o s lav ia , A u s t r a l ia ,  I r e l a n d ,  and th e  
U n ited  S ta te s  (142) . The e s t ro g e n ic  f a c to r  i s o l a t e d  from Fusarium  
gram ineariurn by Stob e_t a l . (118) has been a s s o c ia te d  w ith  c au sin g  
p ro la p se d  v a g in a  in  sw ine and o th e r  mammals. Ury ejt j i l .  (131) 
i s o l a t e d  and c h a r a c te r iz e d  th e  s t r u c tu r e  o f  t h i s  e s t r o g e n ic  f a c to r  o r 
e e a ra le n o n e .
B
O c h 3 




The to x in o g e n ic  mold once c a l le d  Sporidesm lum  b a k e r!  and 
renamed Plthom yces ch arta ru m  ia  w ide ly  d i s t r ib u t e d  g e o g ra p h ic a lly .  In  
New Z ealand  and A u s t r a l ia  t h i s  mold has been  a s s o c ia te d  w ith  th e  
d is e a s e  f a c i a l  eczema o f hepatogenous o r ig in  in  sheep  and c a t t l e  (3 6 ) . 
T h is d is e a s e  i s  a ls o  known as p h o to s e n s l t l z a t io n t and o u tb rea k s  o f  i t  
have been re p o r te d  in  the  U.S.A. (1 4 7 ), in c lu d in g  in  L o u is ia n a  in  l a t e  
s p r in g  and e a r ly  f a l l .  The mold has been  o bserved  to  grow In  d r ie d  
m o is t c lo v e r  and p a s tu re  g r a s s .  The chem ical s t r u c tu r e  o f the  _P. 
ch arta ru m  to x in ,  sp o rid e sm ln , has been  c h a r a c te r iz e d  and i t s  chem ical 
fo rm ula  su g g e s te d  (1 4 2 ). G lenn £ t  j i l .  (47) s tu d ie d  th e  e t io lo g y  o f 
sp o rid e sm ln  in  c a t t l e  and found an o c c lu s iv e  damage to  th e  b i l e  d u c ts  
caused  i c t e r u s  w ith  r e t e n t io n  o f p h y l lo e r y th r in ,  a d e g ra d a tio n  p ro d u c t 
o f c h lo ro p h y l l .  S po rid esm ln -p o iso n ed  an im als showed f a c i a l  and o th e r  
s u r f a c e - a r e a  le s io n s  developed  upon su b seq u en t exposu re  o f  u n p ro te c te d  
sk in  to  th e  sun w hich a re  s im i la r  to  th e  symptoms d e s c r ib e d  f o r  c a t t l e  






The s ig n i f ic a n c e  o f th e  to x in o g e n ic  mold A s p e rg i l lu s  och raceous 
W ilh i s  j u s t  b e g in n in g  to  be u n d e rs to o d . C h ry sten sen  (73) I s o la te d
A. och raceous from n a tu r a l l y  co n tam in a ted  c e r e a l s ,  and he c l a s s i f i e d  
t h i s  mold among th e  m ost common f i e l d  and s to ra g e  f u n g i .  C h ry sten sen  
(22) In o c u la te d  w heat sam ples w ith  A. och raceous sp o re s  a t  d i f f e r e n t  
m o is tu re  l e v e l s .  I t  was shown th a t  t h i s  mold grew r a p id ly ,  and the  
g row th , w hich was m ain ly  c o n c e n tra te d  on th e  w heat embryo, caused  i t  
to  d ie  and d ecay . A. ochraceous W ilh has been  re p o r te d  to  s y n th e s iz e  
o c h ra to x in  A, B and C m e ta b o li te s  (7 1 ,7 2 ,1 1 5 ) . Subsequent I s o la t io n s  
of A. och raceous W ilh , in  most c a se s  having  to x in o g e n ic  im p l ic a t io n ,  
have been  re p o r te d  from a  v a r i e ty  of fo o d s , su ch  as legumes and c e r e a l s  
(72 ,105 ) b la c k  pepper (8 0 ) ,  Capsicum peppers and co rn  (2 4 ,1 0 9 ) as w e ll 
as s e v e ra l  o th e r  foods and grow th on the  s u r fa c e  o f  packaged ham; in  
a d d i t io n ,  i t  was i s o l a t e d  from  foods w hich were l in k e d  to  human 
i l l n e s s  (1 3 7 ) . The p a te n t ,  No. 1 ,3 1 3 ,2 0 9 , c o v e rs  the use o f  a  s t r a i n  
o f  A s p e rg i l lu s  och raceous fo r  i t s  a b i l i t y  to  induce a d e s i r a b le  change 
in  f l a v o r  d u r in g  the  fe rm e n ta tio n  o f  c o f f e e .
U n fo r tu n a te ly , th e  foods l in k e d  to  human I l l n e s s  in  Canada, 
w hich were r e p o r te d  by W albeek £ t  a l .  (1 3 7 ) , were n o t a n a ly se d  fo r
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o c h ra to x in s .  The i s o l a t i o n  of to x in o g e n ic  molds from a food i s  n o t 
p ro o f p e r se  t h a t  th e  to x in  a s s o c ia te d  w ith  th e  p a r t i c u l a r  mold i s  
p r e s e n t .  However, a d ry  s p a g h e t t i  sam ple was n a tu r a l l y  co n tam in a ted  
w ith  to x in o g e n ic  molds and was found to  c o n ta in  a f l a to x i n s .  T his 
s p a g h e t t i  was r e p o r te d ly  Im p lic a te d  in  the s ic k n e s s  o f two c h i ld r e n  
who r e q u ire d  h o s p i ta l  t re a tm e n t f o r  a  few days a f t e r  consum ption o f  a 
s p a g h e t t i  d in n e r ,  made w ith  a  p o r t io n  o f  t h i s  co n tam in a ted  dry  
s p a g h e t t i  (1 3 7 ) . In  c o n t r a s t ,  S ho tw ell e t  a l .  (109) re p o r te d  
e x t r a c t in g  d e te c ta b le  l e v e l s  o f o c h ra to x in  A and t r a c e s  o f  o c h ra to x in  
C from  c o rn  in  w hich no v ia b le  specim en o f A. ochraceous W ilh was 
found .
E x p erim en ta l ev id en ce  seems to  in d ic a te  t h a t  c o n d it io n s ,  which
fa v o r  m ic ro b ia l  grow th  w ith  r a p id  s p o ru la t io n  o f  c u l tu r e s  o f  A.
och raceous W llh , may n o t n e c e s s a r i ly  be th e  p ro p er c o n d it io n s  fo r  to x in
p ro d u c tio n . Walbeek e_t a l .  (137) r e p o r te d  t h a t  14 g o f  sh redded
w heat m o is ten ed  w ith  40 ml o f  d i s t i l l e d  w a te r gave th e  h ig h e s t  y ie ld
of o c h ra to x in  A from  s e v e r a l  s t r a i n s  o f  A. och raceous i s o l a t e d  from
v a r io u s  food  com m odities. S c h in d le r  and Nesheim (104) found th a t
maximum y ie ld s  o f  o c h ra to x in  A were o b ta in e d  w ith  th e  M298 s t r a i n  o f
A s p e rg i l lu s  och raceous W ilh when th e  c u l tu r e s  were grown in  Fernback
f la s k s  c o n ta in in g  100 g o f  sh redded  w heat c o n ta in in g  40 to  70 ml of
ow a te r ,  and f i n a l l y  In cu b a ted  a t  22 C fo r  19 to  21 d a y s .
I n t e r e s t i n g  f in d in g s  were r e p o r te d  by F e r r e i r a  (4 2 ,4 3 ) .  I n  h is  
f i r s t  s tu d y , he found t h a t  maximum y ie ld s  o f o c h ra to x in  A (100 mg/ 
l i t e r )  were o b ta in e d  by u s in g  in o c u la te d  shak ing  f l a s k s  c o n ta in in g  an 
optimum c u l tu r e  m ed ia . He d em o n stra ted  t h a t  th e  b e s t  carb o n  so u rce  
was s u c ro s e , b u t  n o t g lu co se  and f r u c to s e .  The b e s t  n i t r o g e n  sou rce
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was L -g lu ta m a te , b u t  L -p ro l in e  was found to  be s a t i s f a c t o r y .  In  
a d d i t io n ,  I t  was found th a t  th e  fe rm e n ta tio n  took  p la c e  in  th re e  
d i f f e r e n t  s ta g e s .  No o c h ra to x in  A was d e te c te d  in  th e  f i r s t  s t a g e ,  in  
w hich th e re  was a slow  s u b s t r a te  u t i l i z a t i o n ,  slow  in c re a s e  o f m y c e lia l 
grow th and a slow  In c re a s e  in  pH. I n  th e  second s ta g e  th e  r a t e  o f 
m y c e lia l  g row th , s u b s t r a te  u t i l i z a t i o n ,  pH and o c h ra to x in  A in c re a s e d . 
In  th e  l a s t  s ta g e ,  e v e ry th in g  was c o n s ta n t ,  ex cep t f o r  a d e c l in e  o f  
mycelium w e ig h t. In  a n o th e r  in v e s t ig a t io n  w ith  ch em ic a lly  d e fin e d  
m edia, F e r r e i r a  (42) found th a t  th e  A. och raceous W ilh p ro d u c tio n  of 
o c h ra to x in  A was s p e c i f i c a l l y  induced  by adding  L -g lu ta m a te , DL- 
g lu ta m a te , L -p ro lln e  and D L -pro line  a t  a c o n c e n tra t io n  o f  0 .034 M to  
th e  c u l tu r e  medium. T his in d u c tio n  was I n h ib i te d  by 22 o th e r  amino 
a c id s  and t h e i r  d e r iv a t iv e s ,  as w e ll as an a lo g s and a n ta g o n is ts  o f 
p ro l in e  and g lu ta m a te . T h is i n h ib i t io n  was d e c rea se d  by in c re a s in g  
th e  c o n c e n tra tio n  o f  e i t h e r  g lu ta m ate  o r p ro l ln e  o r  by add ing  l a c t i c  
a c id  to  th e  medium. I t  was f u r th e r  r e p o r te d  th a t  n e i th e r  g lu tam ate  
no r p ro l in e  was In c o rp o ra te d  as a p a r t  o f th e  o c h ra to x in  A m o le cu le .
The South A fr ic a n  w orkers d ese rv e  a g re a t  d e a l o f  r e c o g n i t io n  
fo r  t h e i r  c o n tr ib u t io n  to  th e  knowledge o f  o c h ra to x in s  to d a y . Merwe 
e t  a l ,  (72) f i r s t  r e p o r te d  th e se  m e ta b o li te s  o f  A. ochraceous W ilh 
to  be to x ic .  Merwe e t  a l .  (71) i s o l a t e d  and c h e m ic a lly  c h a r a c te r iz e d  
o c h ra to x in  A, B and C. An e le m e n ta l a n a ly s is  was perform ed on each  
p u r i f i e d  f r a c t i o n ,  and tec h n iq u e s  o f  p re p a ra t iv e  o rg an ic  c h em is try  
to g e th e r  w ith  in s tru m e n ta l  m ethods, in c lu d in g  u l t r a v i o l e t ,  I n f r a r e d ,  
n u c le a r  m agnetic  reso n an ce  s p e c tro s c o p ie s  and mass sp e c tro m e try  were 






O ch ra to x in  A, R ■ H 
O ch ra to x in  B, R -  H, No Cl 
O ch ra to x in  C, R ■ E th y l
S teyn and H o lzap fe l (117) confirm ed by s y n th e s is  the  m o lecu la r 
s t r u c tu r e s  o f o c h ra to x in s  A and B w hich were proposed e a r l i e r  by 
Merwe <st a l .  (7 1 ) . The o c h ra to x in  A to x i c i t y  was re p o r te d  by Merwe 
e t  _al. (72) to  be 25 m icrogram s per 50 g body w eigh t in  Peking 
d u c k lin g s  (LD^q 0 .5  mg/kg o f  body w e ig h t) w hich i s  o f th e  same o rd e r  
o f  a f l a to x ln  B^, the  m ost to x ic  o f  th e  a f l a to x in s  ( 6 ) .  F u r th e r  
in v e s t ig a t io n s  conducted  by S teyn  and H o lz ap fe l (116) have re v e a le d  
th e  p resen ce  o f  o c h ra to x in s  A and B m ethy l and e th y l  e s t e r s  w hich 
were produced by c u l tu r e s  o f A. och raceous W ilh . The t o x i c i t y  o f  th e  
m ethy l and e s t e r  d e r iv a t iv e s  o f  o c h ra to x in  A were found to  have a
13
s im ila r  t o x i c i t y  o f o c h ra to x in  A, and fu n c t io n  as c o to x in s .  Both 
m ethyl and e th y l  e s t e r s  o f  o c h ra to x ln s  A and B w ere i s o l a t e d  and t h e i r  
chem ical s t r u c tu r e  c h a r a c te r iz e d  by s ta n d a rd  methods (1 1 6 ).
B. M etabo lic  F a te  and C a rc in o g en e s is  o f M ycotoxins
In  th e  p a s t  e ig h t  y e a rs  th e  r e s e a rc h  in  th e  a re a  o f m ycotoxln 
i n v e s t ig a t io n s  has made g r e a t  p ro g re s s .  Over 800 re s e a rc h  papers and 
s e v e ra l  rev iew  a r t i c l e s  and books have been  p u b lish e d  (1 0 8 ) . Most o f 
th e  e f f o r t  has been devo ted  to  a f la to x in s  in  n u ts  and n u t p ro d u c ts , 
cocoa , c o ffe e  b e a n s , and c o tto n se e d  meal (1 9 ,4 9 ,8 8 ,1 4 0 ,1 4 2 ) . The 
em phasis has n o t on ly  been p lac ed  on th e  a n a ly t i c a l  m ethodology o f 
th e se  to x in s ,  b u t  a ls o  on m e tab o lic  s tu d ie s  le a d in g  to  a b e t t e r  
u n d e rs ta n d in g  of th e  e t io lo g y  o f m yco tox ins.
Iongh e t  _al. (55) r e p o r te d  t h a t  a f la to x in s  were m e tab o lize d  and 
e l im in a te d  th ro u g h  cow s' udders and k id n e y s . I t  was d e te c te d  as a 
f lu o r e s c e n t  compound o f low er R ^-value on TLC p la te s  th a n  a f la to x ln  
B^, and i t  was named a f l a to x ln  M. T h is  compound was found in  
d e te c ta b le  amounts in  th e  m ilk  o f cows 12 hours a f t e r  fe e d in g  o f a  
co n tam in a ted  p eanu t m eal, and d isa p p e a re d  from the  m ilk  fo u r days 
a f t e r  th e  meal was d is c o n tin u e d  as p a r t  o f th e  cows' r a t i o n .
A f la to x ln  M was found to  be to x ic  when fed  to  Peking d u ck lin g s  and 
when th e  co n tam in a ted  m ilk  was fed  to  r a t s  (5 5 ,9 8 ) .  A f la to x ln  was 
a ls o  found p re s e n t  in  the  u r in e  o f  sheep  and m ilk  o f  l a c t a t i n g  r a t s  
when th e se  an im als were fed  an a f la to x ln -c o n ta m in a te d  peanu t meal 
(5 3 ,5 5 ,9 8 ) .  H o lz ap fe l e£ a l .  (53) r e p o r te d  th e  i s o l a t i o n  and chem ical 
c h a r a c te r i z a t io n  o f a f l a to x in s  and and proposed  t h e i r  m o lecu la r 
s t r u c tu r e s  as a monohydioxy d e r iv a t iv e  o f  a f l a to x ln  and a f l a to x ln
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B^, r e s p e c t i v e l y .
T o x ic i ty  s tu d i e s  o f  feed in g  o c h ra to x in s  c o n ta in in g  d i e t s  s t a r t e d  
on ly  r e c e n t l y ,  and a v a i l a b l e  r e p o r t s  d e a l  on ly  w i th  acu te  dosage 
experim en ts  (7 2 ,7 5 ,9 7 ,1 2 8 ) .  Merwe (72) p u b l is h e d  r e s u l t s  of feed ing  
d i f f e r e n t  con tam ina ted  food commodities to  Peking d u c k lin g s  and veaned 
w hite  mice and r a t s  which were used as  l a b o r a to r y  an im a ls .  A ll  
an im als so  t r e a t e d  d ied  im m edia te ly . Peking du ck lin g s  fe d  one dose o f  
20, 50, and 75 micrograms per  d u c k lin g  w eighing  50 g ( 0 .4 ,  1 , and
1 .5  mg/kg) were examined a f t e r  d e a th .  T is su e  p re p a r a t io n s  from 
d u c k lin g  l i v e r s  showed a c u te  f a t t y  in f la m a t io n  o f  parenchymal c e l l s .  
F a t  was p re s e n t  th roughou t l i v e r  lo b u le s  from p o r t a l  t r a c t s  t o  c e n t r a l  
v e in s .  In  o th e r  c e l l s  f a t  o c cu rred  in  sm all  g lo b u le s  around the  
n u c le u s ,  and sometimes c e l l s  cou ld  be observed  w i th  d r o p le t s  o f  f a t  
which d i s p la c e d  the  n u c leu s  to  the  p e r ip h e ry  o f th e  c e l l ,  and 
e x t r a c e l l u l a r  f a t t y  c y s t s  were found to  be p r e s e n t .  The p o r t a l  t r a c t  
appeared  to  be norm al. S im i la r  f a t t y  i n f i l t r a t i o n s  and l i v e r  damage 
have been  found in  a c u te ly  a f l a to x ln - p o is o n e d  an im als ,  in c lu d in g  
monkeys (1 5 ,3 3 ,6 6 ,1 3 0 ) .  However, p o r t a l  in f la m a t io n s  a re  always 
r e p o r te d  in  a f l a to x ln - p o i s o n e d  an im a ls .
Acute l i v e r  in ju r y  in  d u ck lin g s  and r a t s  as a  r e s u l t  o f  
o c h ra to x in  p o iso n in g  was r e p o r t e d  by Theron e t  a l .  (1 28 ) .  The f a t t y  
i n f i l t r a t i o n s  o f th e  l i v e r  r e p o r te d  e a r l i e r  were confirm ed  in  t h i s  
s tu d y  w i th  r a t s  and d u c k l in g s .  In  d u c k lin g  l i v e r  p r e p a r a t i o n s ,  u l t r a -  
s t r u c t u r a l  l e s io n s  observed  in c lu d ed  a  r e d u c t io n  o f  the  amount o f  
endoplasm ic r e t i c u lu m ,  and d i l a t i o n  o f  endoplasm ic  re t ic u lu m  and l i p i d  
d r o p le t s  in to  s in u s o id s ,  and d is c h a rg e s  o f the  l i v e r  c e l l  m ito c h o n d r ia .  
Because o f  the  f a c t  t h a t  o n ly  damage and d i s o r i e n t a t i o n  o f  the
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endoplasm ic re t i c u lu m  were found in  r a t  l i v e r  p r e p a r a t io n s ,  and no 
a l t e r a t i o n  was found o f  l i v e r  m ito c h o n d r ia ,  i t  was su g g e s te d  by 
Theron e_t _al. (128) t h a t  the  p rim ary  s i t e  o f a c t io n  o f  o c h ra to x in  A in  
r a t s  app ea rs  to  be the  endoplasm ic  r e t i c u lu m .
M etab o lic  s t u d i e s  w i th  o c h ra to x in  A po isoned  r a t s  showed t h a t  
o c h ra to x in  A was e l im in a te d  th ro ugh  th e  u r in e  and fe c e s  m ain ly  as 
th re e  f lu o r e s c in g  compounds ( 7 5 ,9 7 ) .  The m e tab o lic  f a t e  o f  o c h ra to x in  
A was fo llow ed  by a n a ly z in g  the  b lo o d , u r in e ,  and fe c e s  o f r a t s  f o r  
th e se  compounds, a f t e r  an i n t r a p e r l t o n e a l  I n j e c t i o n  of r a t s  w ith  a 
dose o f  10 mg o f  o c h ra to x in  A per kg o f body w eigh t was a d m in is te re d .  
Nel and Purchase (75) r e p o r t e d  t h a t  on ly  a  g reen  f lu o r e s c in g  compound 
of R ^-value o f 0 .6  on TLC, which was i d e n t i f i e d  as o c h ra to x in  A, was 
p r e s e n t  in  the r a t s '  b lo o d , l i v e r s ,  and k idneys  30 m inutes a f t e r  an 
i n t r a p e r l t o n e a l  i n j e c t i o n .  Maximum e x c r e t io n  o f  t h i s  compound occu rred  
from 6 to  18 hours a f t e r  i n j e c t i o n  and d e c rea se d  t h e r e a f t e r  u n t i l  on ly  
t r a c e s  were d e te c te d  a f t e r  78 h o u rs .  Another c a t a b o l i c  p rod uc t w ith  
b lu e  f lu o re s c e n c e  and R ^-value  of 0 .5  on TLC was e x c re te d  in  sm a lle r  
amounts in  the  u r in e  and fe c e s  6 hours a f t e r  d o s in g  the  r a t s ,  and 
in c re a s e d  u n t i l  maximum e x c r e t i o n  was found between 30 to  42 ho u rs .
The i n t e n s i t y  o f  e x c r e t i o n  o f  t h i s  compound was found to  d e c re a s e ,  b u t  
i t  was s t i l l  d e te c t a b l e  78 hours a f t e r  i n j e c t i o n  ( 7 5 ,9 7 ) .  Nel and 
Purchase (75) I s o l a t e d  and c h em ic a l ly  c h a r a c te r i z e d  the  b lu e  
f l u o r e s c e n t  c a t a b o l i c  p rodu c t as a  dehydro lsocoum arln  d e r i v a t i v e .  The 
same compound was o b ta in e d  by a c id  h y d ro ly s i s  w i th  a 6 N HC1 s o l u t i o n  
fo l lo w in g  the  method o f  Merve e t  a l . ( 7 1 ) .
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3- m e th y l-5- c h lo ro -d e h y d ro iso c o u m a r in -7- c a r b o x y l ic  a c id
Post-m ortem  exam ina tio n  o f  o c h ra to x in  A -poisoned r a t s  r e v e a le d  
s i m i l a r  l i v e r  damage as r e p o r t e d  e a r l i e r ;  fu r th e rm o re ,  e n t e r i t i s  and 
r e n a l  n e c r o s i s ,  and an in c re a s e  in  l i v e r  g lycogen were observed  by 
Purchase and Nel (9 7 ) .  These r e s u l t s  were confirm ed  by Nel and 
Purchase (7 3 ) .  This q u e s t io n  o f g lycogen accu m ula tion  In  r a t ' s  l i v e r  
was pu rsued  f u r t h e r  by P i t o u t  (8 9 ) .  He found t h a t  o c h ra to x in  A 
i n h i b i t e d  th e  r a t ' s  l i v e r  p hosphory lase  enzyme sys tem , and a t  a l e v e l  
o f o c h ra to x in  A c o n c e n t r a t io n  o f  0 .108 mg/ml of r e a c t i o n  m ix tu re  the  
i n h i b i t i o n  was a p p ro x im a te ly  70 p e r c e n t .  However, no i n h i b i t o r y  
e f f e c t  was observed  on g lucom u tase , g lu c o s e - 6 -phospha te  dehydrogenase, 
hexoklnase  o r  p hosp ho ry lase  a.  The su g g e s t io n  was advanced t h a t  the  
i n h i b i t o r y  e f f e c t  of o c h ra to x in  A on th e  r a t ' s  l i v e r  phosphory lase  
system  m ight be a t  the  l e v e l  of phosphory lase  b̂  k in a s e  r e a c t i o n  (8 9 ) .  
P hosphory lase  £  k in ase  c a ta ly z e s  th e  a c t i v a t i o n  o f  p ho sph o ry lase  t> to  
p h osp hory lase  a ,  which i n  tu rn  c a ta ly z e s  th e  p h o a p h o ro ly t ic  c leav ag e  
o f a lp h a - g lu c o s ld lc  1 ,  4 - l in k a g e s  o f g lycogen  to  a lp h a -g lu c o a e -1 -  
p h o sp h a te .
The c a rc in o g e n e s is  o f  a f l a t o x i n s  has been  dem onstra ted  in  
p o u l t r y ,  f i s h ,  and mammals, in c lu d in g  p r im a te s  (1 5 ,6 6 ,8 7 ,1 3 0 ,1 4 6 ) .
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Dickens and Jones (3 2 ,3 3 ,3 4 )  r e p o r te d  t h a t  a f l a t o x i n s  were h ig h ly  
a c t iv e  c a rc in o g e n s  among s e v e r a l  l a c to n e s  and r e l a t e d  su b s tan ces  
t e s t e d .  B u t t l e r  and Barnes (15) s t a t e d  t h a t  a f l a t o x l n  B^ was the  most 
p o te n t  ca rc in o g e n  known. I t  was r e p o r t e d  t h a t  l e v e l s  as low as 0 .7  to
0 .8  ppm o f  a f l a t o x l n  B^ caused  h i s t o l o g i c a l  changes , which were 
n o t ic e a b le  a f t e r  25 days o f be ing  fed  to  gu inea  p ig s .  H epatic  
carcinom as were produced in  r a t s  a t  0 .8  to  4 ppm l e v e l s  a f t e r  20 to  
25 weeks. Tupule e_t _al. (130) conducted  feed in g  experim en ts  using  
monkeys which were g iv en  a d a i ly  dose of 0.5  mg o f  a f l a to x i n s  pe r  kg 
o f  body w eigh t f o r  18 days and su b s e q u e n t ly ,  1 mg p e r  kg d a l l y  u n t i l  
d e a th  o c cu rred  in  the  f o u r th  week. A post-m ortem  exam ina tion  r e v e a le d  
t h a t  f a t t y  l i v e r  (34 p e rc e n t  f a t  by w e ig h t ) ,  l i v e r  c i r r h o s i s ,  and 
p o r t a l  in f la m a t lo n  were s i m i l a r  to  changes o c c u r r in g  in  o th e r  s p e c ie s  
( 1 5 ,3 3 ) .  Madhayan e t  a l . (66) f u r t h e r  r e p o r te d  on the same experim ent 
w i th  monkeys t h a t  weekly e s t im a t io n s  of serum p r o t e i n s ,  g lu ta m a te - 
o x a lo a c e ta te  tran sam in ase  (GOT), b i l i r u b i n ,  and a lk a l i n e  phosphatase  
were c a r r i e d  o u t ,  and a need le  b io p sy  of th e  l i v e r  was tak en  a t  the  
end of th e  f i r s t  and second weeks. The b iochem ica l  f in d in g s  in  serum 
p r o t e in s  p o in te d  to  s e v e re  impairm ent o f th e  l i v e r  f u n c t io n ;  thus 
th e re  was a marked e l e v a t i o n  o f  GOT a c t i v i t y ,  serum b i l i r u b i n ,  and 
a l k a l i n e  phospha tase  a c t i v i t y .
Svoboda e t  _al. (125) r e p o r t e d  s i m i l a r  r e s u l t s  as  those  r e p o r te d  
by Madhavan e t  _al. (66) .  They ana lyzed  the  l i v e r s  o f monkeys and r a t s  
which were fed  a f l a to x i n - c o n t a in l n g  d i e t s ,  and found a d ec rease  In  the  
phosphorus-oxygen r a t i o ,  and b o th  oxygen consum ption and phosp ho ry la ­
t i o n  i n h i b i t i o n s .  In  a d d i t i o n ,  a  low erin g  o f  RNA/DNA r a t i o  of th e  
t o t a l  l i v e r  homogenate and protein/DNA r a t i o  su g g e s te d  an impairm ent o f
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p r o te in  s y n t h e s i s .  C l i f f o r d  e_t _al. (29) made comparisons on d i f f e r e n t  
s p e c t r a  o b ta in e d  by in d uc ing  v a r io u s  a f l a to x i n s  to  i n t e r a c t  w i th  c a l f -  
thymus DNA, and the  e f f e c t  o f  th e se  to x in s  on RNA and p r o t e in  s y n th e s i s  
in  r a t  l i v e r  s l i c e s  was m easured. The e x te n t  o f  i n h i b i t o r y  a c t io n  on 
the  s y n th e t i c  r e a c t i o n s  was p ro p o r t io n a l  to  the  degree  o f s p e c t r a l  
s h i f t  o b ta in e d  from th e  i n t e r a c t i o n  w ith  thymus DNA. I t  was proposed 
t h a t  t h e i r  t o x i c i t y  depended on t h i s  I n t e r a c t i o n .  F u r th e rm o re , they  
dem onstra ted  t h a t  RNA polymerase o f  n u c le i  i s o l a t e d  from l i v e r s  of 
a f l a t o x i n  B ^-po isoned  r a t s  was I n h i b i t e d .  These f in d in g s  a re  in  
agreem ent w i th  the  proposed mechanisms fo r  th e  h e p a to to x ic  a c t io n  of 
a f l a t o x i n .  However, no such type o f  i n t e r a c t i o n s  were o bserved  by 
P i to u t  (89) betw een o c h ra to x in  A and n u c le ic  a c id s  and t h e i r  
d e r i v a t i v e s .
I t  has been  rec o g n ize d  f o r  s e v e r a l  y e a rs  t h a t  u n s a tu ra te d  
l a c to n e s  have a  marked p h y s io lo g ic a l  a c t i v i t y  in  the  organism  (3 2 ,3 3 .  
3 4 ,5 0 ,6 0 ,1 3 3 ) .  Haynes (50) r e p o r te d  s e v e r a l  a c t i v i t i e s  o f u n s a tu r a te d  
gamma- and d e l t a -  l a c to n e s ,  and found t h a t  a la n in e  and g lu ta th io n e  had 
a  p r o t e c t i v e  In f lu e n c e  on the  l a c to n e  e f f e c t .  However, c y s te in e  
c o u n te ra c te d  the  b i o lo g i c a l  e f f e c t  o f some la c to n e s  th rough  i t s  a c t i o n ,  
presum ably based  on i t s  t h i o l  group (5 0 ) .  More r e c e n t l y ,  Dicken and 
Jones (3 2 ,3 3 ,3 4 )  conducted  s e v e r a l  i n v e s t i g a t i o n s  r e l a t e d  to  the 
c a rc in o g e n ic  a c t i v i t y  o f  f o u r - ,  f i v e -  and six-membered u n s a tu ra te d  
l a c to n e s ,  u s in g  r a t s  as t e s t  a n im a ls .  T h e ir  c r i t e r i a  f o r  c a r c in o ­
g e n e s is  were the  p ro d u c tio n  o f m alig n an t  tumors as judged 
h i s t o l o g i c a l l y  and by growth on t r a n s p l a n t a t i o n  from the  cancerous 
r a t s  to  h e a l th y  h o s t  r a t s .
The c a rc in o g e n e s is  o f  l a c to n e  r in g s  appears  to  be c o n d i t io n e d  on
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the  chem ical s t r u c t u r e .  Dickens and Jones (32) r e p o r te d  t h a t  in  f o u r -  
membered r in g  l a c t o n e s , c a rc in o g e n e s is  appeared  to  be a s s o c ia t e d  w i th  
h ig h ly  s t r a i n e d  r i n g s ,  which were e x e m p lif ie d  in  b e ta -p ro p o n o la c to n e  
and in  p e n i c i l l i c  a c id ,  which i s  a  la c ta m . S im i la r ly ,  double bonds in  
b e ta -  and d e l t a - p o s i t i o n  appeared  to  be c r i t i c a l  f o r  c a rc in o g e n ic  
a c t i v i t y .  They dem onstra ted  t h a t  the  la c k  of double bonds in  the  
la c to n e s  o r  the  double bond n o t  p ro p e r ly  p o s i t io n e d  ren d e red  the 
compound a p p a re n t ly  n o n -c a r c in o g e n ic . They a l s o  showed the  a b i l i t y  o f  
th ese  la c to n e s  to  r e a c t  w i th  the  t h i o l  groups o f  amino a c id  p r o te in s  
and a c t iv e  s i t e s  o f  enzymes. In  a d d i t i o n ,  they  confirm ed th e  r e s u l t s  
o f  Haynes (50) on the  p r o t e c t i v e  a c t io n  o f  a t h i o l  a c t iv e  s i t e  of 
enzymes by c y s t e i n e .
S im ila r  r e s u l t s  were o b ta in e d  in  c a rc in o g e n ic  i n v e s t i g a t i o n s  
u s ing  five-membered r i n g  u n s a tu ra te d  l a c to n e s .  Dickens and Jones (33) 
a t t r i b u t e d  the  c a rc in o g e n ic  a c t i v i t y  o f t h i s  s e r i e s  to  t h e i r  n u c leo -  
p h i l i c  a t t a c k  on th e  t h i o l  group o f  c y s te in e  which in  tu r n  was 
a s s o c ia t e d  w i th  e i t h e r  a lp h a -  and b e ta -  u n s a tu r a t io n  or the  p resence  
o f an e x te r n a l  double bond on th e  gaasaa- l a c  tone  r i n g .  S tu d ie s  were 
a l s o  u ndertaken  w i th  six-membered a lp h a ,  b e t a  u n s a tu ra te d  l a c to n e  
r in g s  as p a ra s o rb lc  a c id ,  which was found to  be c a rc in o g e n ic .
Dickens and Jones (34) conducted  c a rc in o g e n ic  i n v e s t i g a t i o n s  w ith  
a f l a t o x i n s .  A f la to x in  had e a r l i e r  been  reco g n ized  to  c o n ta in  a lp h a ,  
b e t a  u n s a tu ra te d  d e l t a - l a c t o n e  and a cyc lopen tanone  in  which two 
carb o n y l groups a re  c ro s s  c o n ju g a te d  w ith  a double bond ( 6 ) .  O ther 
l a c to n e s  w ith  s i m i l a r  chem ical f e a t u r e s  were found to  be c a rc in o g e n ic  
as w e ll  as a f l a t o x i n s .  A f la to x ln  Gj i s  l e s s  c a rc in o g e n ic  th an  
a f l a t o x i n  . A ccording to  Dickens and Jones (33) th e  f a c t  t h a t
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a f l a t o x i n  has one more oxygen in  i t s  m olecule may e x p la in  why i t  i s  
l e s s  c a rc in o g e n ic  than  a f l a t o x i n  B^.
T h e re fo re ,  i t  has been  dem onstra ted  th a t  compounds having gamma* 
or d e l t a * la c  tones in  th e  chem ical s t r u c t u r e  o f which a carbony l 
fu n c t io n s  i s  c o n ju g a te d  w ith  one o r more double bonds a re  c a rc in o g e n ic  
(3 3 ,1 4 7 ) .  Even though th e  o c h ra to x in  m olecu les c o n ta in  a  six-membered 
u n s a tu ra te d  la c to n e  r i n g ,  which has a  co n ju g a ted  double bond w ith  the 
carbony l group , the  u n s a tu r a t io n  i s  no t a t  the  a lp h a -  and gamma- 
p o s i t io n s  as has been r e p o r te d  fo r  a f l a t o x i n s .  T h e o r e t i c a l ly ,  i t  does 
n o t meet the  req u irem en ts  fo r  c a rc in o g e n e s is  acco rd ing  to  Dickens and 
Jones (3 3 ) .  However, t h i s  q u e s t io n  s t i l l  rem ains to  be so lv ed  by 
a c tu a l  e x p e r im e n ta t io n .
C. A n a ly t ic a l  Methodology
1. E x t r a c t i o n , P u r i f i c a t i o n , and Thin Layer Chromatography
S ev e ra l  p rocedures  have been proposed f o r  e x t r a c t i o n  and p u r i f i ­
c a t io n  of mycotoxins (1 9 ,3 8 ,4 8 ,5 1 ,7 1 ,7 5 ,1 0 6 ,1 1 5 ,1 1 9 ) .  G o ld b la t t  (48) 
proposed an a z e o tro p e  s o lv e n t  system  c o n ta in in g  42 .1  p e rc e n t  ace to n e ,
56 .5  p e rc e n t  n -hexane, and 1 .4  p e rc e n t  w a te r  f o r  a f l a t o x i n  e x t r a c t i o n  
from o i l s e e d  m ea ls .  Comparisons were made between the proposed 
a z e o tro p e  and m ethanol as the  e x t r a c t i n g  s o lv e n t .  Both s o lv e n ts  
e x t r a c t e d  a f l a t o x i n s  a t  the  same r a t e .  However, the  amount of 
e x tra n eo u s  m a te r i a l s  e x t r a c t e d  by the  a zeo tro p e  was s u b s t a n t i a l l y  l e s s  
than m ethanol which f a c i l i t a t e d  f u r t h e r  c leanup  fo r  th in  la y e r  
chrom atographic  d e te rm in a t io n  o f a f l a t o x i n s .  T h e re fo re ,  the  r e l a t i v e l y  
sm all  amounts of m a te r i a l s  e x t r a c t e d  by the  a zeo tro p e  emphasized i t s  
p o t e n t i a l  u t i l i t y  as an e x t r a c t a n t  fo r  removal o f a f l a t o x i n s  on a
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commercial s c a l e  from con tam ina ted  o i l s e e d  m ea ls .  This method was 
b ased  on a  6-hour e x t r a c t i o n  w h ile  r e f lu x ln g  In  a S oxh le t  a p p a ra tu s .
E x t r a c t i o n  w h ile  r e f lu x ln g  In  a S ox h le t  a p p a ra tu s  was u t i l i z e d  
by South A fr ic a n  w orkers In  t h e i r  p rocedure  fo r  d e te rm in in g  o c h ra to x in s  
(7 1 ,1 0 5 .1 1 5 ) .  S teyn  and Merwe (115) proposed a method f o r  e s t im a t io n  
of o c h ra to x in  A which i s  e s s e n t i a l l y  s i m i l a r  to  the  method used by 
Merwe e t  _al. (71) as  to  th e  e x t r a c t i o n  o f o c h ra to x in s  and c leanup  
p ro ce d u re .  A 1;1 (v /v )  m ix tu re  o f ch lo ro fo rm  and m ethanol was used to  
e x t r a c t  the  sample w h ile  r e f lu x ln g  In  a  S oxh le t  a p p a ra tu s  fo r  12 h o u rs .  
A f te r  the  removal o f the  s o lv e n t ,  the  r e s id u e s  were d is s o lv e d  in  
ch lo ro fo rm  and e x t r a c t e d  w i th  a 0 .1  M b ic a rb o n a te  s o l u t i o n ,  which was 
f u r t h e r  a c i d i f i e d  b e fo re  e x t r a c t i n g  the  o c h ra to x in s  w ith  ch lo ro fo rm . 
Then, the  s o lv e n t  was e v a p o ra te d ,  the  r e s id u e s  d i l u t e d  and s p o t t e d  on 
a  TLC p l a t e  c o a te d  w i th  s i l i c a  g e l ,  and f i n a l l y  the  TLC p l a t e  was 
developed u t i l i z i n g  a 3:1 (v /v )  m ix tu re  o f b e n z e n e :a c e t ic  a c id .  TLC 
p l a t e s  were observed  under a  UV l i g h t ,  and d i r e c t  v i s u a l  comparisons 
were made w ith  the s t a n d a r d s . The R ^-values fo r  o c h ra to x in s  A, B and 
C were 0 .5 ,  0 .35 and 0 .6 5 ,  r e s p e c t i v e l y .  The s e n s i t i v i t y  was 0 .1  ppm.
More r e c e n t l y  the  tendency has been to  abandon the  e x t r a c t i o n  
w h ile  r e f lu x ln g  in  a S oxh le t  a p p a ra tu s  n o t  o n ly  because  o f th e  time 
in v o lv e d ,  b u t  a l s o  because  the  amount o f e x tra n eo u s  m a t e r i a l s  
e x t r a c t e d  I s  c o n s id e ra b ly  g r e a t e r  than  t h a t  e x t r a c t e d  by th e  r a p id  
methods of e x t r a c t i o n  w ith  the  a id  o f e i t h e r  a m echanical shaker o r a 
Waring b le n d e r  (1 9 ,3 8 ,3 9 ,9 0 ,1 0 6 ,1 0 7 ,1 1 9 ) .  Neshelm e t  a l .  (75) 
p u b l ish e d  a r a p i d  method fo r  a f l a t o x i n  a n a ly s i s  in  peanut p r o d u c ts .
The procedure  was b ased  on the  e x t r a c t i o n  by b le n d in g  th e  samples w ith  
55 p e rc e n t  aqueous m ethano l, p lu s  n -hexane; then  c e n t r i f u g a t i o n ,
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fo llow ed  by a s l u r r y  o f  an a l i q u o t  o f the  aqueous m ethanol phase w i th  
C e l i t e  545. The s l u r r y  was t r a n s f e r r e d  to  a column f o r  chrom atography 
by f i r s t  washing th e  im p u r i t ie s  from th e  column w ith  hexane, fo llow ed 
by e l u t i o n  w i th  a  1:1 v /v  m ix tu re  o f hexane and c h lo ro fo rm . The 
s o lv e n t  was removed, the  r e s id u e s  d i l u t e d  and s p o t t e d  on a TLC p l a t e ,  
and a f t e r  developm ent, d i r e c t  v i s u a l  com parisons were perform ed between 
the  sample and s ta n d a rd  s p o t s .
The Nesheim e t  a l .  (76) method f o r  a f l a t o x i n  d e te rm in a t io n  was 
r e v i s e d  and became o f f i c i a l  fo r  a f l a t o x l n  a n a l y s i s  in  n u ts  and n u t 
p ro d u c ts  (1 9 ) .  Campbell and Funkhouser (16) r e p o r t e d  a c o l l a b o r a t i v e  
s tu d y  o f t h i s  method as  a p p l ie d  to  a n a ly s i s  o f  a f l a t o x i n s  in  peanu t 
b u t t e r ,  and was found s a t i s f a c t o r y ;  t h e r e f o r e ,  i t  was recommended f o r  
ad o p tio n  as o f f i c i a l ,  f i r s t  a c t i o n .  However, the  c a l c u l a t e d  average  
e r r o r  among l a b o r a t o r i e s  from th e  d a ta  p re s e n te d  was ap p ro x im ate ly  
40 p e rc e n t ,  and a t  th e  low l e v e l s  o f  a f l a t o x i n ,  the  e r r o r  was as h igh  
as 90 p e r c e n t .  A s i m i l a r  method f o r  d e t e c t i o n  and e s t im a t io n  o f  
o c h ra to x in  A in  some c e r e a l  p ro d u c ts  was proposed  by S c o t t  anu Hand 
(106) who r e p o r te d  c o n s i s t e n t l y  h igh  r e c o v e r i e s  f o r  whole wheat f l o u r  
(90 to  95 p e r c e n t ) ,  c o rn  meal (83 .5  to  85 p e r c e n t ) ,  r i c e  c e r e a l  (90 
p e r c e n t ) ,  and b a r l e y  c e r e a l  (90 p e r c e n t ) .  The TLC p l a t e s  were 
developed  w i th  a s o lv e n t  composed of 5 :4 :1  ( v /v /v )  of t o lu e n e : e th y l  
a c e t a t e : form ic a c i d .  The R ^-values o f o c h ra to x in  A was 0 .7 0 ,  and f o r  
a f l a t o x i n s  B^, B^> G^ and were as fo l lo w s :  0 .5 5 ,  0 .5 3 ,  0 .51  and
0 .4 4 ,  r e s p e c t i v e l y .  The s e n s i t i v i t y  o f  t h i s  method was r e p o r te d  to  be 
0 .01  microgram of o c h ra to x in  A.
Among the  most c o n s i s t e n t  methods of e s t im a t in g  a f l a t o x i n s  from 
s e v e r a l  foods i s  the  method proposed  by Pons e t  a l .  (90) which i s
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e s s e n t i a l l y  a  r e v i s e d  p rocedure  o f  a method r e p o r te d  e a r l i e r  by the  
same i n v e s t i g a t o r s .  In  th e  proposed improved method re p o r te d  by Pons 
e t  a l . (90) the  samples were e x t r a c t e d  w i th  70 p e rc e n t  aqueous a c e to n e ,  
fo llow ed  by le a d  a c e t a t e  p r e c i p i t a t i o n  o f gossy po l and o th e r  p ig m en ts .  
Then, e x t r a c t i o n  of the  c l e a r  aqueous f i l t r a t e  w i th  ch lo ro fo rm  was 
fo llow ed  by th e  removal o f  th e  s o lv e n t  and column chrom atography on a 
s i l i c a  g e l ,  e s p e c i a l l y  made fo r  column chrom atography . The sample in  
the  column was washed w i th  d ie th y l  e th e r  and then  e lu t e d  w ith  130 ml 
o f a 3 -p e rc e n t  m ix tu re  o f  m ethanol in  ch lo ro fo rm . F i n a l l y ,  the  samples 
were c o n c e n tr a te d  and de term ined  by TLC as u s u a l .  Comparisons were 
made w i th  o th e r  m ethods, and the  su p p o r t in g  d a ta  in d ic a te d  t h a t  t h i s  
method e x t r a c t e d  l e s s  e x tra n e o u s  m a te r i a l s  from the  sam ples than  any 
o f  the  o th e r  p ro ced u res  t e s t e d ,  In c lu d in g  the  Nesheim e_t a l .  (76) 
method. C o n s i s te n t  h igh  s ta n d a rd  r e c o v e r ie s  were o b ta in e d ,  from 64 to  
108 p e rc e n t  w i th  an o v e r a l l  average  of ap p ro x im a te ly  94 p e r c e n t .  
However, foods c o n ta in in g  a r e l a t i v e l y  h ig h  m o is tu re  c o n te n t  were 
r e p o r t e d  to  be low, b u t  when the  r e s u l t s  were e x p re ssed  on a  d ry  b a s i s ,  
th e  s ta n d a rd  r e c o v e r i e s  were c o n s id e re d  as good as  th o se  o b ta in e d  from 
dry  sam p les .  This te ch n iq u e  i s  c a p a b le  o f d e te c t in g  as l i t t l e  as 
0 .3  ppb ( p a r t s  pe r  b i l l i o n )  o f  a f l a t o x l n  B^.
S t o l o f f  e t  a l .  (119) conducted  a s tu d y  to  compare th r e e  methods 
of a n a l y s i s  o f a f l a t o x i n s ,  among which was the  method o f Nesheim (76) 
and th e  method o f Pons e_t _al. (90) . I t  was found t h a t  the  Nesheim 
e t  a l .  (76) method gave c le a n e r  e x t r a c t s  th an  the  o th e r  methods under 
s tu d y ;  however, i t  was r e p o r te d  t h a t  t h i s  method gave d e c e p t iv e ly  
I n c o n s i s t e n t  r e c o v e r i e s  t h a t  v a r i e d  from 0 to  100 p e r c e n t .  T h e re fo re ,  
S t o l o f f  e t  _al. (119) p roposed  a  method i n  which the  b e s t  f e a t u r e s  of
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th ose  two methods were combined. C onsequ en tly ,  th e  new method was 
e s s e n t i a l l y  the  same as  the  one proposed by Pons _et j* l .  (9 0 ) ,  e x ce p t  
fo r  the  column ch rom atograph ic  s te p  in  which c e l l u l o s e  was used as 
th e  column s u p p o r t  i n s t e a d  o f  g r a n u la r  s i l i c a  g e l .  F u r th e rm o re ,  the  
c e l l u l o s e  was s l u r r i e d ,  added to  the  column, washed, and e lu t e d  i n  a 
s i m i l a r  way as  proposed by Nesheim (76) . The reco v ery  was c o n s i s t e n t l y  
h igh  f o r  a f l a t o x i n s  and (an average  of 92 p e rc e n t  r e c o v e r y ) .
A m o d if ic a t io n  o f the  method o f e x t r a c t i o n  and p u r i f i c a t i o n  of 
o c h ra to x in s  o r i g i n a l l y  p roposed  by S teyn _et _al. (115) was r e p o r t e d  by 
Nel and Purchase  (75) f o r  u r i n e ,  f e c e s ,  b lood  and l i v e r  samples in  
t h e i r  s t u d i e s  o f th e  m e ta b o l ic  f a t e  o f o c h ra to x in  A on r a t s .  The 
samples were e x t r a c t e d  w i th  a  s a t u r a t e d  s o l u t i o n  o f  sodium b ic a r b o n a te ,  
the  aqueous e x t r a c t  was a c i d i f i e d  and then  e x t r a c t e d  w ith  ch lo ro fo rm . 
The ch lo ro fo rm  was e v a p o ra te d ,  and the  sample was d i l u t e d  and s p o t te d  
on TLC p l a t e s ,  which were developed w i th  a  m ix tu re  o f  4 :1  v /v  of 
b e n z e n e :a c e t ic  a c i d .  The R j-v a lu e  fo r  o c h ra to x in  A was 0 .6 .
P a r t  o f  th e  g e n e ra l  p h ilo sop hy  in  a n a l y t i c a l  c h e m is try  i s  
em phasized in  th e  s i m p l i f i c a t i o n  of methods to  make th in g s  e a s i e r  fo r  
the  a n a l y s t s .  Eppley (38) proposed  a method to  de te rm ine  n o t  on ly  
a f l a t o x i n s  and o c h ra to x in s  b u t  z e a ra le n o n e  as  w e l l .  The method 
c o n s i s t e d  e s s e n t i a l l y  o f  e x t r a c t i n g  a 50 g sample w ith  25 ml o f w a te r  
and 250 ml o f ch lo ro fo rm  and by adding  d iatom aceous e a r t h  t o  a id  
d u rin g  f i l t r a t i o n .  Hexane was added to  th e  f i l t r a t e  i n  an amount o f  
th r e e  tim es the  volume o f th e  f i l t r a t e  and f u r t h e r  p u r i f i e d  by column 
chrom atography on a  column c o n ta in in g  g r a n u la r  s i l i c a  g e l .  Then, the  
column was washed w i th  b enzen e , fo llow ed  by e l u t i o n  o f zea ra len o n e  
w i th  a  s o l u t io n  o f 5 :95  v /v  o f  a c e to n e : b e n ze n e . A f te r  a  f u r t h e r  wash
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w ith  e th y l  e th e r  a f l a t o x i n s  were e l u t e d  w i th  3 p e rc e n t  m ethanol in  
ch lo ro fo rm , and f i n a l l y  th e  o c h ra to x in s  were e l u t e d  w i th  250 ml o f  
g l a c i a l  a c e t i c  a c ld :b c n ze n e  1:9  v / v .
Eppley (38) r e p o r te d  t h a t  two s o lv e n t  system s were needed to  
develop  th e  TLC p l a t e s .  For a f l a t o x i n s  he su g ges ted  a m ix tu re  o f  1 :9  
v /v  a c e to n e :c h lo ro fo rm , and th e  r e s u l t s  checked w i th  a n o th e r  s o lv e n t  
m ix tu re  c o n s i s t in g  o f 4 6 :3 5 :1 9  v /v  of b e n z e n e :e th a n o l :w a t e r . The 
R ^-values fo r  a f l a t o x i n s  a re  >  B2 >  >  G^. S im i la r ly ,  the
o c h ra to x in s  and z ea ra le n o n e  were d e te c te d  as proposed by Eppley (38) 
by f i r s t  d ev e lop ing  the  TLC p l a t e  w i th  1 ;9  v /v  a c e t i c  a c id ;b e n z e n e ,  
and th e  o b se rv in g  o f t h e i r  m ig ra t io n  and c o lo r  c h a r a c t e r i s t i c s  under 
the  UV l i g h t .  Both o c h ra to x in  A and z ea ra len o n e  have an R ^-value  of 
0 .5 .  T h e re fo re ,  th e  o n ly  way to  d i f f e r e n t i a t e  them i s  by u s in g  
f lu o re s c e n c e  under th e  s h o r t  and long w aveleng th  UV l i g h t .
O ch ra tox ins  B and C have R ^-values o f  0 .4  and 0 .6 ,  r e s p e c t i v e l y .  No 
q u a n t i t a t i v e  m easurements were r e p o r t e d ,  and the  r e c o v e r i e s  were 
e x p re s se d  as  p o s i t i v e s  i f  i t  were rec o v ere d  and n e g a t iv e  i f  i t  were 
n o t  r e c o v e re d .  The rec o v e ry  was p o s i t i v e  f o r  most fo o d s .  However, 
s e r io u s  i n t e r f e r e n c e s  were r e p o r t e d  w i th  B r a z i l  n u t s ,  pecan , cocoa , 
and b a r l e y ,  whereas e x c e s s iv e  i n t e r f e r e n c e s  were observed  w i th  g reen  
c o f fe e  and Capcicum p e p p e rs .
In  a f l a t o x i n  d e te rm in a t io n s  in  g re e n  c o f f e e ,  Levi and B arker  (64) 
r e p o r t e d  com parisons betw een the  Nesheim (76) method o f  e x t r a c t i o n  
w i th  aqueous m ethanol and a m od ified  p rocedure  e a r l i e r  r e p o r te d  by 
H ensinkveld  e t  a l .  (5 1 ) ,  i n  which the  samples were e x t r a c t e d  w ith  a  
30:50 m ix tu re  o f d im e th y la u lfo x id e :b e n z e n e  by b le n d in g ,  then  
f i l t e r i n g .  Both f i l t r a t e s  were f u r t h e r  p u r i f i e d  by column
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chrom atography u s in g  a c t i v a t e d  F l o r i s i l  to  which was added 5 p e rc e n t  
o f w a te r .  The sample was f i r s t  washed w i th  t e t r a h y d r o fu r a n  to  
e l im in a te  i n t e r f e r e n c e s  and then  the  a f l a t o x i n s  were e lu t e d  w ith  
a c e to n e .  No i n t e r f e r e n c e  due to  c a f f e in e  o r any o th e r  i n t e r f e r e n c e  
was observed  w ith  e i t h e r  s o l v e n t .  However, w i th  aqueous m ethanol on ly  
an average  o f  75 p e rc e n t  o f the  a f l a t o x i n s  were re c o v e re d .  Whereas 
when a 30:50 m ix tu re  o f d im e th y l- s u l fo x id e :b e n z e n e ,  th e  average  
re c o v e ry  was over 85 p e r c e n t .  S c o t t  (107) r e p o r te d  t h a t  e x t r a c t i n g  
g reen  c o f f e e  w i th  a 1 2 .5 :125  v /v  o f w a te r :b e n z e n e ,  fo llow ed  by 
F l o r i s i l  column chrom atography, he cou ld  e l im in a te  i n t e r f e r e n c e s  from 
g ree n  c o f f e e .  The re c o v e ry  was 70 to  80 p e r c e n t .
2 .  D ire c t  Measurements of M ico tox lns on TLC P la te s
The g r e a t  m a jo r i ty  o f  the  q u a n t i t a t i v e  d a ta  p u b l ish e d  on 
m ycotoxins so  f a r ,  have been de te rm ined  by v i s u a l  com parisons o f  the  
sample f lu o re s c e n c e  a g a in s t  the  f lu o r e s c in g  i n t e n s i t y  o f  th e  s ta n d a rd  
d i r e c t l y  on th e  TLC p l a t e ,  upon i l l u m in a t io n  w ith  a l i g h t  sou rce  o f  
th e  p ro p e r  w av e len g th , u s u a l ly  in  th e  UV ra n g e .  According to  the 
o f f i c i a l  method o f d e te rm in a t io n  of a f l a t o x i n s  (1 9 ) ,  a p re l im in a ry  
TLC d e te rm in a t io n  c o v e r in g  a t  l e a s t  th re e  c o n c e n t r a t io n s  of the 
sample and s ta n d a rd s  must be pe rfo rm ed . From th e  r e s u l t s  o f  the  
p re l im in a ry  TLC p l a t e ,  a  s u i t a b l e  d i l u t i o n  of th e  Bample to  ach ieve  
th e  c o n c e n t r a t io n  o f th e  s ta n d a rd  i s  e s t im a te d .  F i n a l l y ,  th e  
q u a n t i t a t i v e  TLC i s  perform ed o f  th r e e  d i f f e r e n t  sp o ts  o f  the  sample 
and th e  s t a n d a r d ,  in c lu d in g  th re e  d i f f e r e n t  c o n c e n t r a t io n s  ( 3 .5 ,  5 
and 6 .5  m i c r o l i t e r s ) .  On to p  o f  th e  3 .5  m i c r o l i t e r  s p o t  o f  th e  
sam ple , 5 m i c r o l i t e r s  o f  th e  s ta n d a rd  i s  s p o t t e d  as an I n t e r n a l
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s t a n d a rd .  A f te r  deve lop ing  the TLC p l a t e s ,  th e  f lu o r e s c in g  i n t e n s i t y  
o f th e  sample i s  compared w i th  th o se  of s ta n d a rd  s p o ts  to  de term ine  
the  c o n c e n t r a t io n  o f th e  sample by d i r e c t  m atching  o f th e  
co rre sp o n d in g  s p o t s .
A c o l l a b o r a t iv e  s tu d y  on th e  a n a ly s i s  o f a f l a to x i n s  in  peanut 
b u t t e r  by th e  o f f i c i a l  method was conducted  to  a s s e s s  the  r e l i a b i l i t y  
o f th e  method (1 6 ) .  T h i r te e n  c o l l a b o r a t o r s ,  r e p r e s e n t in g  i n d u s t r i a l ,  
in d epend en t,  and government l a b o r a t o r i e s ,  p a r t i c i p a t e d .  Twelve 
sam ples , c o n ta in in g  10 and 110 p g /k g  were ana lyzed  fo l lo w in g  the  
o f f i c i a l  method (1 9 ) .  The r e s u l t s  of t h i s  c o l l a b o r a t e d  s tu d y  were 
p u b l ish e d  by Campbell and Funkhouser (16) . From th e  d a ta  p re s e n te d  an 
o v e r a l l  c o e f f i c i e n t  of v a r i a t i o n  (p e rc e n t  e r r o r )  o f  40 p e rc e n t  can be 
c a l c u l a t e d ;  however, e r r o r s  as  h ig h  as  90 p e rc e n t  can  be c a l c u l a t e d  
from th e  d a ta  r e p o r t e d  a t  low a f l a t o x i n  c o n c e n t r a t i o n .  E ppley  e t  a l . 
(39) r e p o r te d  an o v e r a l l  c o e f f i c i e n t  o f v a r i a t i o n  o f 38 p e rc e n t  f o r  
the  v i s u a l  com parison method in  a n o th e r  c o l l a b o r a t iv e  s tu d y  o f  
a f l a t o x i n s  in  peanu t p ro d u c ts ,  fo l lo w in g  a  v e r s a t i l e  p ro ce d u re ,  known 
as CB p ro c e d u re ,  f o r  th e  e x t r a c t i o n  and p u r i f i c a t i o n  o f a f l a t o x i n s .  
However, Pons (96) r e p o r t e d  a  mean c o e f f i c i e n t  o f v a r i a t i o n  o f  18 
p e rc e n t  f o r  v i s u a l  com parison o f a f l a t o x i n s  in  a r e c e n t  c o l l a b o r a t iv e  
s tu dy  fo l lo w in g  Pons e t  a l . method (94) f o r  e x t r a c t i o n  and c leanup  of 
the  sam p le s .
The p r e c i s i o n  l i m i t  f o r  q u a n t i t a t i v e  v i s u a l  comparison o f  
a f l a t o x i n s  a ssay  d i r e c t l y  on TLC p l a t e s  can  n o t  be b e t t e r  than  + 20 
p e rc e n t  f o r  a s i n g l e  o b s e r v a t io n ,  and under o p e ra t in g  c o n d i t i o n s ,  i t  
i s  p robab ly  c lo s e  to  + 28 p e rc e n t ,  a cco rd in g  to  Beckwith and S t o lo f f  
( 8 ) .  In  oil a t te m p t  to  de te rm ine  th e  l i m i t  o f  an o b s e r v e r ' s  a c u i ty ,
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20 o b se rv e rs  r e p r e s e n t in g  5 l a b o r a t o r i e s  p a r t i c i p a t e d  in  a t r i a n g u l a r  
type o f  o b s e rv a t io n  s tu d y .  F ive  e x p e r ie n c e d  o b se rv e rs  de term ined  th e  
f lu o r e s c in g  i n t e n s i t y  d i f f e r e n t i a l  minimum a t  which two ju x ta p o se d  
s p o ts  cou ld  be d i f f e r e n t i a t e d ,  and found t h a t  t h i s  average  d i f f e r e n c e  
was 1 .2 0 .  These r e s u l t s  s e t  the  p r e c i s io n  l i m i t  f o r  v i s u a l  
com parison to  above 20 p e rc e n t  under id e a l  c o n d i t io n s  o f  j u x t a p o s i t i o n  
and freedom from I n t e r f e r e n c e s  o f two s p o ts  ( 8) .
In  an a t tem p t to  improve th e  a ccu racy  and p r e c i s io n  o f  
a f l a t o x l n  a n a l y s i s ,  and remove th e  b i a s  o f  th e  v i s u a l  method, s e v e r a l  
l a b o r a t o r i e s  have been  e x p lo r in g  th e  p o s s i b i l i t i e s  o f u t i l i z i n g  more 
o b j e c t iv e  in s t ru m e n ta l  methods f o r  q u a n t i t a t i v e  m easurem ents. 
I n s t ru m e n ta l  a n a ly s i s  has been used f o r  s tu d y in g  the  c h a r a c t e r i s t i c  
b e h a v io r  o f the  m ycotoxins o r  t h e i r  d e r iv a t iv e s  as  a  p a r t  o f  chem ical 
s t r u c t u r e  d e te rm in a t io n s  o r  sim ply  d e te rm in a t io n s  o f t h e i r  c h a r a c t e r ­
i s t i c  p r o p e r t i e s  w i th  a  p a r t i c u l a r  In s tru m en t  as  a c o n f i rm a t iv e  method 
and no t as a  r o u t in e  p rocedure  of q u a n t i t a t i v e  measurement of 
m ycotoxins (6 ,5 3 ,7 1 ,9 9 ,1 3 1 ,1 3 7 ) .  f i r s t  e a r l y  a t te m p t  to  use a  UV
a b s o rp t io n  sp e c t ro p h o to m e tr ie  method f o r  a f l a t o x l n  d e te rm in a t io n  on a 
r o u t in e  b a s i s  was r e p o r te d  by Nabney and N e s b i t t  (7 4 ) .  The a f l a t o x i n s  
were i s o l a t e d  by p r e p a r a t iv e  TLC. However, l i t t l e  a t t e n t i o n  has been 
devoted  to  t h i s  method a p p a re n t ly  because  of th e  tim e invo lv ed  in  
p u r i f y in g  and re c o v e r in g  th e  sam ples from th e  TLC p l a t e s ,  and more 
s e n s i t i v i t y  co u ld  be o b ta in e d  by s o l i d  s t a t e  f lu o r e s c e n c e .
F u r th e rm o re , the  i n s t a b i l i t y  o f  a f l a t o x i n s  when exposed to  l i g h t ,  as 
r e p o r te d  by A n d re llo s  _et j i l .  ( 4 ) ,  w i l l  make any q u a n t i t a t i v e  rec o v e ry  
d o u b t f u l .
The d e n s l to m e t r ic  measurements o f  a f l a t o x i n s  d i r e c t l y  on the
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TLC p l a t e s  a re  b a sed  on th e  s o l i d  s t a t e  f lu o re s c e n c e  e m iss io n  o f  th e s e  
to x in s  when th ey  a re  i l l u m in a te d  w i th  a UV l i g h t  n ear  365 m i l l i ­
m ic ro n s ,  Pons e r  a l .  (91) p u b l is h e d  a s tu d y  o f  th e  measurement 
p a ra m e te rs ,  r e l a t i v e  re sp o n se  which was l i n e a r  fo r  i n d iv id u a l  
a f l a t o x i n s ,  and th e  r e p o r t e d  measurement p r e c i s i o n  was from 2 to  4 
p e r c e n t .  S t u b b l e f i e l d  £ t  j i l .  (124) r e p o r t e d  a  d i r e c t  f l u o r o d e n s i t o -  
m e t r ic  d e te rm in a t io n  a ssa y  fo r  fe rm e n ta t io n  e x t r a c t s .  P e te rso n  and 
C ie g le r  ( 86) found a l i n e a r  t r e n d  o f  f lu o re s c e n c e  i n t e n s i t y  of 
a f l a t o x i n  s p o ts  on a  TLC p l a t e  as measured w i th  a  CdS probe co nnec ted  
to  an a m p l i f i e r  r e c o r d e r .  T his  was a  custom-made in s tru m e n t  and th e  
re a d in g  needed to  be c o r r e c te d  f o r  a  h ig h  background r a d i a t i o n .
A d i f f e r e n t  in s t r u m e n ta l  s e t  up was u t i l i z e d  by Pons e t  _al. (91) 
and S t u b b l e f i e l d  e t  a l .  (124) which c o n s i s t e d  of a P h o to v o lt  Model 
520A m u l t i p h ie r  p h o to m e te r ,  V e r ic o rd  Model 42-B v a r i a b l e  re sp o n se  
r e c o r d e r ,  and an In te g r a p h  Model 49 au to m atic  i n t e g r a t o r .  I l lu m in a ­
t i o n  of TLC p l a t e s  was from a m ercury vapor lamp, a p rim ary  f i l t e r  
w i th  maximum t r a n s m is s io n  n e a r  365 mu. The l i g h t  i n l e t  was a  0 .1  x 
19 mm s l i t .  The e m i t te d  r a d i a t i o n  was c o n f in e d  by a  0 .1  mm e x i t  s l i t  
and a  secondary  f i l t e r  t r a n s m i t t i n g  a t  465 npi (Pons e t  a l . )  and 
445 nyi (S tu b b le f  i e l d _ e t  _ a l . )  . The c a l c u l a t i o n  of th e  a f l a t o x i n  
c o n c e n t r a t io n s  i n  th e  unknown s p o ts  were b ased  on the  r e c o r d e r ' s  
resp onse  pe r  u n i t  o f  s t a n d a r d  a f l a t o x i n  c o n c e n t r a t i o n ,  assuming a 
c o n c e n t r a t io n - r e s p o n s e  p l o t  p a s s in g  th ro ugh  th e  o r i g i n .  S e v e ra l  
o th e r  r e p o r t s  have been  p u b l is h e d  on t h i s  s u b j e c t  ( 8 ,9 2 ,9 4 ,9 5 ,9 6 ) .
Most o f th e  problem s and l i m i t a t i o n s  In v o lv ed  in  t h i s  k in d  o f  
d e te rm in a t io n  have been re c o g n iz e d  by a l l  th e s e  i n v e s t i g a t o r s ,  i . e .  
i n s t a b i l i t y  o f  a f l a t o x i n  under th e  UV l i g h t ,  p re c a u t io n  a g a in s t
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pro longed  e x p o su re ,  and h o ld in g  th e  p l a t e s  in  a  dark  p l a c e .  A l l  th e s e  
r e p o r t s  ag reed  on the  f a c t  t h a t  good TLC I s  e s s e n t i a l  fo r  good 
d e n s i to m e try .  F u r th e rm o re , agreem ent i s  found on the  s e n s i t i v i t y  of 
th e  method fo r  a f l a t o x i n s  ( 0.1  n g ) , c o n s ta n t  fu n c t io n  c o n c e n t r a t io n  
rang e  from ^ 0 . 3  to  <  io  ng o f  a f l a t o x i n  per  s p o t .  However, 
Beckw ith  and S t o l o f f  (8 ) r e p o r t e d  t h a t  in  h a n d lin g  th e  c a l c u l a t i o n s  of 
a f l a t o x i n s ,  th e  re sp o n se  l i m i t s ,  ba se  l i n e ,  and a re a  under each  t r a c in g  
c o u ld  be s e t  by any v a l i d  p ro ce d u re .  However, th e  a r e a  u n i t s  found 
were r e l a t e d  to  th e  q u a n t i t i e s  o f s t a n d a rd  a f l a t o x i n s  by th e  
fo l lo w in g  e q u a t io n :
y ■ bx -t a
w here, x * ng a f l a t o x i n  s ta n d a rd
y * a re a  u n i t s  f o r  x ng of 
a f l a t o x i n  s ta n d a rd
b » re sp o n se  c o n s ta n t
a  “ i n t e r c e p t  depending on 
th e  unknown
By u s in g  th e  above e q u a t io n ,  the  assum ption  t h a t  th e  c o n c e n t r a t io n -  
respon se  p lo t  p a sse s  th ro ugh  th e  o r i g i n  would n o t  have to  be made, 
a c c o rd in g  to  Beckwith and S t o l o f f  ( 8 ) .
The p r e c i s io n  o f  f lu o r o d e n s i to m e t r ie  d e te rm in a t io n  of a f l a t o x i n s ,  
e x p re ssed  as  a c o e f f i c i e n t  o f v a r i a t i o n  of s t a t i s t i c a l  numbers o f  
r e p e t i t i v e  o b s e rv a t io n s  w i th in  a  c e r t a i n  c o n c e n t r a t io n  l e v e l ,  has been 
r e p o r te d  to  be from 2 to  9 p e rc e n t  ( 8 ,9 1 ,9 4 ) .  Most o f th e s e  
d e te rm in a t io n s  have been  w i th in  th e  same l a b o r a to r y .  However, a  
r e c e n t  c o l l a b o r a t i v e  s tu d y  was conducted  i n  which tw elve  l a b o r a t o r i e s  
p a r t i c i p a t e d ,  by fo l lo w in g  th e  Pons _et _al. method (91) as r e v i s e d  by
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Pons e_t a l .  (9 2 ) .  The m od if ied  p rocedure  in c lu d ed  th e  d e te rm in a t io n  
o f  a f l a t o x i n s  by b o th  the  v i s u a l  com parison and th e  f l u o r o d e n s i to -  
m e t r ic  p ro c e d u re .  Pons (96) r e p o r t e d  t h a t  th e  o v e r a l l  p r e c i s io n s  
among l a b o r a t o r i e s ,  e x p re s se d  as  a  mean c o e f f i c i e n t  o f  v a r i a t i o n ,  were 
18 p e rc e n t  and 12 p e rc e n t  f o r  th e  v i s u a l  and d e n s i to m e t r ie  methods, 
r e s p e c t i v e l y .
3 .  C o n firm a tiv e  Methods o f  Mycotoxins
The use of d i r e c t  com parisons betw een th e  unknown and s ta n d a rd  
s p o ts  on a TLC p l a t e  ( t h e i r  r e s p e c t iv e  R ^-value  and f lu o r e s c in g  c o lo r )  
has become a coranon p r a c t i c e  as  th e  on ly  c r i t e r i a  f o r  i d e n t i f i c a t i o n  
of m y co to x in s .  Crosby and Aharonson (30) r e p o r t e d  t h a t  a  v a r i e t y  of 
o rg a n ic  compounds, commonly found in  o rg a n ic  s o l v e n t s ,  e x h ib i t e d  
f lu o re s c e n c e  under UV l i g h t .  F lu o re s c in g  im p u r i t ie s  have been 
e x t r a c t e d  in  m ycotoxin  i n v e s t i g a t i o n s  (3 ,9 0 ,1 1 9 ) .  M is l iv ec  a t  a l .
(73) p u b l is h e d  a s tu d y  o f 263 mold I s o l a t e s .  They found t h a t  c e r t a i n  
s p e c ie s  o f th e  genus P e n ic i l l iu m  produced b lu e  and g reen  f l u o r e s c e n t  
s u b s ta n c e s ,  which resem bled  a f l a t o x i n s  B and G , r e s p e c t i v e l y . Eppley 
(38) r e p o r t e d  t h a t  b o th  z ea ra len o n e  and o c h ra to x in  A had the  same 
R f-v a lu e  of 0 .5  when th e  TLC p l a t e s  were developed  in  a 1 :9  v /v  
m ix tu re  of g l a c i a l  a c e t i c  a c id ;b e n z e n e . To d i s t i n g u i s h  between th e s e  
two to x in s  i t  was recommended to  I l lu m in a te  th e  p l a t e s  w i th  a  s h o r t  
wave and long  wave UV l i g h t .  Z ea ra lenone  has a  g r e e n is h -b lu e  
f lu o re s c e n c e  under s h o r t  UV l i g h t  and i s  n o t  v i s i b l e  under long wave 
UV l i g h t  e x c e p t  a t  h igh  c o n c e n t r a t i o n s . O chra to x in  A has a  g r e e n is h -  
b lu e  f lu o re s c e n c e  under s h o r t  and long  wave UV ra n g e s .
Hodges e t  a l . (52) I s o l a t e d  P e n ic i l l iu m  puberulum B sinner
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( c u l t u r e  M-56) from peanu ts  and they  r e p o r te d  t h a t  t h i s  o rganism  
produced b lu e  and g ree n  g lu o re s c in g  s p o ts  w i th  a  R ^-value  i d e n t i c a l  to  
a f l a t o x i n s  B^, B j ,  G^ and G^.  The e x t r a c t  was d is s o lv e d  in  p ropy lene  
g ly c o l  and a d m in is te re d  to  Peking d u c k l in g s ,  and a  t y p ic a l  b i l e  duc t 
p r o l i f e r a t i o n  type  of l i v e r  damage was observed  in  2 t o  3 d a y s .  T h is  
i s  th e  type of l i v e r  damage produced by a f l a t o x i n s  in  d u c k lin g s  and 
o th e r  a n im a ls .
More r e c e n t l y ,  W ilson e t  a l .  (14) r e p o r t e d  t h a t  th ey  were unab le  
to  co n firm  a f l a t o x i n  p ro d u c t io n  by P e n ic i l l iu m  puberulum B ainner as 
r e p o r te d  e a r l i e r  by Hodges e t  _al. (5 2 ) .  I n s te a d  th ey  p u r i f i e d  a 
compound c o n ta in in g  an a ro m a tic  s t r u c t u r e  w i th  an a l i p h a t i c  c h a in .  In  
a d d i t i o n ,  t h i s  compound was found to  c o n ta in  6 t o  7 p e rc e n t  of 
n i t r o g e n ,  and produced an in c o o rd in a t io n  e f f e c t  on mice and d u c k l in g s .  
Johnson e_t <a l .  (58) found t h a t  _P. puberulum B annier produced seven- 
membered a ro m a tic  r i n g  compounds as p u b e ru l ic  a c id  and p u b e ru lo n ic  
a c i d ,  in  a d d i t i o n  to  p e n i c i l l i n  a c i d .  W ilson e t  j a l .  (143) r e p o r te d  
t h a t  o f  129 i s o l a t e s ,  on ly  A s p e rg i l lu s  f la v u s  and A s p e rg i l lu s  
p a r a s i t i c u s  produced a f l a t o x i n s ,  and e ig h t  o th e r  s p e c i f i c  organism s 
p re v io u s ly  r e p o r t e d  to  produce a f l a t o x i n s  by o th e r  i n v e s t i g a t o r s  co u ld  
no t be co n firm ed . They warned o f  s e v e r a l  p i t f a l l s  in  a n a l y t i c a l  
t e c h n iq u e s ,  among which was th e  m i s i d e n t i f i c a t i o n  o f f lu o r e s c in g  s p o ts  
on TLC.
A rev iew  of l i t e r a t u r e  r e v e a l s  t h a t  two g e n e ra l  methods o f  
mycotoxin c o n f i rm a t io n  have been  e x p lo re d ,  the  b i o l o g i c a l  a ssa y  and 
th e  chem ica l d e r i v a t i v e  fo rm a tio n  m ethod. The b i o l o g i c a l  a s sa y  method 
has been  th e  c l a s s i c a l  method f o r  d e te c t i n g  po isonous m a t e r i a l s ,  and 
mycotoxin r e s e a r c h  was no e x c e p t io n .  E a r ly  i n v e s t i g a t o r s  fed
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con tam ina ted  food m a te r i a l s  d i r e c t l y  to  m ice , r a t s  and o th e r  la b o ra to r y  
an im als  in  s c r e e n in g  s t u d i e s .  However, th e  need was soon recogn ized  
f o r  more r a p i d  methods o f r o u t in e  q u a n t i t a t i v e  a n a ly s i s  and con firm a­
t i o n  o f th e  p resen ce  o f mycotoxins by th e  b io a s sa y  method. One-day 
o ld  w h ite  Peking du ck ling s  have been used  as  t e s t  anim als f o r  s e v e r a l  
y e a rs  because  of t h e i r  s e n s i t i v i t y  to  some mycotoxins (5 ,1 8 ,1 0 3 ,1 4 6 ) .  
Carnaghan e_t _al. (18) r e p o r t e d  t h a t  d u c k lin g s  were the  most s e n s i t i v e  
t e s t  an im als to  a f l a t o x i n s  i n  a cu te  t o x i c i t y  t e s t s ,  Wogan (146) 
s t a t e d  t h a t  a  minimum of 0 .4  micrograms per day o f a f l a t o x i n  was 
th e  low est dose l e v e l  to  produce b i l e  duc t  h y p o p la s ia  in  d u ck lin g s  in  
a  7-day a s s a y .  However, h ig h e r  doses a re  needed to  produce b i l e  duc t 
h y p o p la s ia  in  3 days (5 1 ) .
A g r e a t  d e a l  o f  emphasis has r e c e n t l y  been focused  on f in d in g  a  
more s e n s i t i v e  s u b s t i t u t e  f o r  d u ck lin g s  as the t e s t  organism  in  the  
a f l a t o x i n  b io a s s a y s .  V e r r e t t  e t  a l .  (135) p roposed  th e  use  of th e  
c h ick en  embryo f o r  a f l a t o x i n  d e te c t io n  which i s  e s s e n t i a l l y  the  same 
tech n iq u e  r e p o r te d  by V e r r e t t  and McLarghln (134) in  e v a lu a t in g  the  
t o x i c i t y  o f drugs . Propylene  g ly c o l  was u t i l i z e d  as th e  s o lv e n t  which 
was r e p o r te d  e a r l i e r  to  be a com patib le  s o lv e n t  w i th  b i o l o g i c a l  systems 
(8 5 ,1 0 3 ) .  C o n c e n tra t io n s  o f 0 .0 1 -0 .5  fig were d is s o lv e d  in  0 .04  ml o f 
p ropy lene  g ly c o l  and i n j e c t e d  i n to  the  y o lk  o r  a i r  sac  o f each  eg g .
An eq u a l volume of p ropy lene  g ly c o l  was i n j e c t e d  i n to  the  c o n t r o l  
g ro u p . The eggs were In cu b a ted  a t  103°F, and can d led  d a i ly  a f t e r  the  
f o u r t h  day , a t  which time a l l  n o n v iab le  egg embryos were removed, and 
a t  th e  end of 21 days the  experim en t was com ple ted . For a f l a t o x i n  
th e  LD5Q was 0 .025  to  0 .048 micrograms per e g g .  L eg a to r  and Withrow 
(63) proposed  a  t i s s u e  c u l t u r e  te c h n iq u e ,  u s in g  human lung  c e l l s
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(L-132) f o r  a f l a t o x i n  a s s a y .  T his  a ssay  was based  on th e  b i o lo g i c a l  
e f f e c t  o f  a f l a t o x i n s  upon the  su p p re s s io n  o f m i to t i c  d i v i s io n  in  
human embryonic lung c e l l s .  T h is  i n h i b i t i o n  o c cu rred  a f t e r  fo u r  hours 
and reached  a maximum a f t e r  12 h o u rs .  The s e n s i t i v i t y  o f t h i s  t e s t  
f o r  a f l a t o x i n  was as low as 0 .0 1  m icrogram s. However, a ve ry  
s p e c i a l i z e d  tech n iq u e  i s  needed (1 ,2 6 ,1 2 9 ) .
O ther t e s t  organism s have a l s o  been p roposed . Townsley and Lee 
(129) r e p o r te d  the  re sp o n se  o f f e r t i l i z e d  eggs o f  th e  M ollusk Bankia 
s e t a c e a  Tryon as an a ssay  organism  to  co n firm  the  p resence  o f a f l a ­
t o x in s .  A f la to x in  I n h i b i t s  c e l l  c le av a g e  in  f e r t i l i z e d  m ollusk 
eggs w i th o u t  p re v e n t in g  f e r t i l i z a t i o n  o r n u c le a r  d i v i s i o n ;  t h e r e f o r e ,  
p o s i t i v e  t e s t s  a re  i d e n t i f i e d  by a  s i n g l e  egg c o n ta in in g  s e v e r a l  
n u c le i  whereas th e  c o n t r o l s  c o n ta in  two o r more c e l l s  in  3 to  5 h o u rs .  
A low powered m icroscope (7GX) i s  needed to  observe  th e  r e s u l t s .  The 
s e n s i t i v i t y  was 0 .05  >ig o f a f l a t o x i n  B^ pe r  m l.
Abedi and McKinley (1) p roposed z e b ra  f i s h  Bachydanio r e r i o  
(Hamilton-Buchanan) eggs and l a rv a e  as a t e s t  organism  f o r  a f l a t o x i n  
b io a s s a y .  For the  l a rv a e  a ssa y  the  s e n s i t i v i t y  was 1 .0  jug of 
a f l a t o x l n  to  k i l l  a l l  th e  embryos i n  72 h o u rs .  A low-powered 
m icroscope  was needed to  make th e  n e c e s sa ry  o b s e r v a t io n s . The l a r v a e  
o f  z e b ra  f i s h  were more e a s i l y  observed  because  th ey  became p a ra ly ze d  
and unab le  to  move when touched w i th  a  n e ed le  w i th in  one hour o f  a ssa y  
a t  a c o n c e n t r a t io n  o f  1 .0  ^ig o f  a f l a t o x i n  B^. The experim en t can  be 
com pleted  i n  36 hours when a l l  the  l a r v a e  a re  dead , b u t  th ey  a re  
moribund b e fo r e  24 h o u rs .  B rine  sh rim p , A rtem ia s a l l n a  has been 
su g g e s te d  as  a  t e s t  o rganism  fo r  a f l a t o x l n  b io a s s a y  by Brown and 
Wildman (1 2 ) .  The eggs can  be bought a t  any p e t  sh o p . They can be
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ha tched  in  a r t i f i c i a l  s e a  w a te r  a t  27°C in  l e s s  than  24 h o u rs .  About 
30 to  40 l a r v a e  were p ip e t t e d  and t r a n s f e r r e d  i n to  a p la n c h e t
p e rc e n t  m o r t a l i t y  i s  o b ta in e d  a f t e r  in c u b a t in g  a t  37,5°C f o r  24 hours
The m ic r o b io lo g ic a l  a s sa y  te c h n iq u e  was r e c e n t l y  ad ap ted  to  
supplem ent th e  r e s u l t s  of t h i n  l a y e r  ch rom atograph ic  d e te c t i o n  and 
c o n f i rm a t io n  of the  p resen ce  o f m ycotoxins in  food  m a t e r i a l s  (1 3 ,2 6 ,  
2 7 ,2 8 ) .  The m ic r o b io lo g ic a l  a s sa y  method was f i r s t  used over 70 y e a rs  
ago in  a q u a l i t a t i v e  s e n s e .  The o b s e rv a t io n  o f growth i n h i b i t i o n  o f  
S ta p h y lo c o cc i  produced by d i f f u s i n g  m e ta b o l i te s  w hich  were 
s y n th e s iz e d  by c o lo n ie s  o f P e n ic i l l iu m  notaturn grown in  th e  same 
medium le d  Flemming to  h i s  d isc o v e ry  of p e n i c i l l i n  in  1929 (5 9 ) .  
However, th e  q u a n t i t a t i v e  use o f th e  m ic ro b io lo g ic a l  a ssay  method was 
n o t  u n t i l  1940. Chain a t  _al. as c i t e d  by Kavanagh (59) r e p o r t e d  the 
use of i n h i b i t i o n  zones to  fo llo w  th e  a c t i v i t y  o f p e n i c i l l i n  p u r i f i e d  
from c u l t u r e  e x t r a c t s .
A r e c e n t  su rv ey  of m ic ro b ia l  s e n s i t i v i t y  to  a f l a t o x i n s  was made 
by B u rm e is te r  and H e s s e l t in e  (13) i n  which th ey  a ssay ed  329 d i f f e r e n t  
m ic roo rg an ism s, in c lu d in g  30 b a c t e r i a l  g e n e ra ,  34 fu n g a l  g e n e ra ,  4 
a lg a l  genera  and one p ro to z o a n .  They foun d , among b a c t e r i a ,  t h a t  12 
s p e c ie s  o f the  genus B a c i l l u s . 1 C lo s t r id iu m , and 1 A ctinom ycetes were 
i n h i b i t e d  by 30 ^iig/ml o f  crude  a f l a t o x l n  e x t r a c t  when I t  was 
in c o rp o ra te d  in to  th e  growth m edia . Among th e s e  o rgan ism s, some 
s t r a i n s  o f  B a c i l l u s  m egaterium  and a  s t r a i n  o f  B a c i l lu s  b r e v i s  were 
s e n s i t i v e  to  10-15 >ug/ml o f  a f l a t o x i n s  in  th e  m edia . The B. 
m egaterium  s t r a i n  NRRL B-1368 was th e  most s e n s i t i v e  o f  a l l  organism s
c o n ta in in g w a t e r ) . A 60
w ith  t h i s  a f l a t o x i n  c o n c e n t r a t io n
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te s te d *  No i n h i b i t i o n  which co u ld  be a t t r i b u t e d  to  a f l a t o x i n s  was 
r e p o r te d  w i th  11 gen era  o f  Gram p o s i t i v e  and 16 gen era  o f  Gram n e g a t iv e  
b a c t e r i a  t e s t e d .  A l l  e u c a ry o t ic  m icroorganism s t e s t e d  were v i s i b l y  
u n a f f e c te d  by a f l a t o x i n s .
Clements (26) pu rsued  f u r t h e r  th e  p o s s ib le  use  of B. megaterium  
NRRL B-1368 as  th e  t e s t  organism  i n  th e  m ic r o b io lo g ic a l  a ssay  o f  
a f l a t o x i n s  on a q u a l i t a t i v e  b a s i s ,  by u t i l i z i n g  f i l t e r  paper d is c s  
im pregnated  w i th  a known c o n c e n t r a t io n  of pure  a f l a t o x i n  B ^, The 
in o c u la te d  f i l t e r  paper d i s c s  were p la c e d  on th e  s u r f a c e  o f a  P e t r i  
d i s h ,  which was p re v io u s ly  poured w ith  seeded  a g a r ,  fo l lo w in g  a 
s i m i l a r  p rocedu re  as t h a t  d e s c r ib e d  by the  o f f i c i a l  method of m icro ­
b i o l o g i c a l  a s sa y  o f  a n t i b i o t i c s  ( 7 ) .  I t  was r e p o r t e d  t h a t  c l e a r  
i n h i b i t i o n  zones were o bserved  a f t e r  in c u b a t in g  a t  35°-37°C f o r  15 to  
18 h o u rs .  F u r th e rm o re ,  th e  s e n s i t i v i t y  o f  t h i s  t e s t  was 1*0 j*g of 
a f l a t o x l n  B ^. Clements (27) p u b l ish e d  th e  s p e c i f i e d  c o n d i t io n s ,  
medium, and a f l a t o x i n  c o n c e n t r a t io n s  under which t h i s  a ssa y  sh o u ld  
be co n d u c ted .  Clements (28) r e p o r t e d  p r e l im in a ry  s tu d i e s  o f t h i s  
m ic r o b io lo g ic a l  a ssa y  f o r  c o n f i rm a t io n  o f  th e  I d e n t i t y  of a f l a t o x l n  B^ 
in  which s e v e r a l  l a b o r a t o r i e s  p a r t i c i p a t e d .  P o s i t i v e  r e s u l t s  by t h i s  
p rocedure  were a l s o  confirm ed  by o th e r  m e th o d s .
B a c i l l u s  m egaterium  s t r a i n  NRRL B-1368 has been u t i l i z e d  f o r  
m ic r o b io lo g ic a l  a ssa y  o f o c h ra to x in  A. Clements (25) r e p o r t e d  t h a t  
th e  s e n s i t i v i t y  l e v e l  o f  c o n c e n t r a t io n  f o r  a  c rude  e x t r a c t  o f 
o c h ra to x in  A was 4 >ig when u s in g  JJ. m egaterium  NRRL B-1368 as  th e  t e s t  
o rgan ism . A s i m i l a r  r e p o r t  was p re s e n te d  by S t o l o f f  (20) i n  the  use 
of the  s t r a i n  o f  B . m egaterium . However, S h o tw e ll  e t  a l .  (109) found 
t h a t  p a r t i a l l y  p u r i f i e d  e x t r a c t s  o f  o c h ra to x in  samples i n h i b i t e d  the
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growth of B. m egaterium  s t r a i n  NRRL B-1368 a t  l e v e l s  i n d i c a t i n g  more 
th an  150 p a r t s  pe r  b i l l i o n  (p p b ) .  These i n v e s t i g a t o r s  fo l lo w ed  a 
s i m i l a r  p rocedu re  r e p o r t e d  e a r l i e r  by Clements (2 7 ) .
B es id es  th e  b i o l o g i c a l  method f o r  r o u t in e  c o n f i rm a t io n  o f th e  
p resen ce  o f  m ycotoxins i n  food and feed  m a t e r i a l s ,  o th e r  methods have 
been r e p o r t e d ,  in c lu d in g  tw o-d im ensional chrom atography ( 73) ,  m igra­
t i o n  o r R ^-value  on TLC u s in g  two d i f f e r e n t  s o lv e n t  sy s te m s , (3 8 ,1 3 7 ) ,  
sp ra y in g  th e  TLC p l a t e  a f t e r  development to  change the  c o lo r  o f the  
f l u o r e s c in g  s p o ts  (1 1 5 ) ,  c h a r a c t e r i s t i c  s o l u b i l i t y  of m ycotoxins (19, 
3 8 ,1 0 9 ) ,  and in s t ru m e n ta l  m ethods, e s p e c i a l l y  in  th e  UV range  o f  the  
spectrum  and g a s - l i q u i d  chrom atography (7 4 ,1 2 1 ,1 3 7 ,1 4 1 ) .  In  the  f i r s t  
o f f i c i a l  method adop ted  f o r  d e te rm in in g  a f l a t o x i n s  in  n u ts  and nu t 
p ro d u c ts  ( 1 9 ) ,  the  i d e n t i t y  o f  the  a f l a t o x i n s  was e s t a b l i s h e d  on th e  
b a s i s  of t h e i r  s o l u b i l i t i e s ,  e x t r a c t i o n  and c le a n u p ,  in  a d d i t i o n  to  
t h e i r  R ^-value  and f lu o r e s c in g  c o lo r  as compared w ith  th o se  o f the  
a u th e n t i c  s t a n d a r d s .  T h e re fo re ,  more s p e c i f i c  r o u t in e  methods fo r  
i d e n t i f i c a t i o n  o f  m ycotoxins needed to  be  e x p lo re d .
A n d re llo s  and Reid (3) d e v ise d  th r e e  c o n f i rm a to ry  t e s t s  to  
i d e n t i f y  a f l a t o x i n  by chem ical d e r i v a t i v e  fo rm a t io n .  T his i d e n t i ­
f i c a t i o n  was based  on the  a l t e r a t i o n  o f  th e  TLC b e h a v io r  o f  a f l a t o x i n  
w i th o u t  lo s in g  i t s  a b i l i t y  to  f lu o r e s c e  under th e  UV l i g h t  a f t e r  
changes produced by th r e e  d i f f e r e n t  r e a c t i o n  sy s te m s .  A ccording to  
th e s e  i n v e s t i g a t o r s ,  th e  r e a c t i o n s  were based  upon the  a b i l i t y  of the  
o l e f i n i c  l in k a g e  o f  an e n o l  e t h e r  u n i t  t o  undergo a d d i t io n  w i th  a 
hydroxyl group under a c id  c a t a l y s i s  i n  a s i m i l a r  f a s h io n  a s  r e p o r t e d  
e a r l i e r  f o r  t h i s  ty p e  of r e a c t i o n  by  Bowman and Fordham ( 1 0 ) .
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Assao js t  a l .  ( 6 ) r e p o r t e d  e a r l i e r  t h a t  a f l a t o x l n  c o n ta in e d  an 
e th e r  u n i t  in  th e  d i f u r a n  r i n g .  T h e re fo re ,  A n d re llo s  and Reid (3) 
proposed  th e  r e a c t i o n  o f a f l a t o x i n  B , th io n y l  c h l o r i d e ,  and a 
h y d ro x y l ic  r e a g e n t .  T h iony l c h lo r id e  r e a c te d  w i th  a sm all  amount o f  
a h y d ro x y lic  s o lv e n t  to  g iv e  HC1 _in s i t u  which fu rn i s h e d  th e  hydrogen 
ions  needed f o r  a c id  c a t a l y s i s .  B e t t e r  r e s u l t s  were r e p o r te d  when 
g l a c i a l  a c e t i c  a c id  or fo rm ic  a c id  were used as  h y d ro x y l ic  r e a g e n ts  
th an  when any o f th e  low b o i l i n g  p o in t  a lc o h o ls  were u t i l i z e d .  I t  was 
f u r t h e r  r e p o r t e d  t h a t  t r i f l u o r o a c e t i c  a c i d ,  which i s  a  s t ro n g  a c id ,  
r e a c te d  w i th  a f l a t o x i n  B^ w i th o u t  th e  a d d i t i o n  o f th io n y l  c h l o r i d e .
Two main f lu o r e s c in g  s p o ts  (R ^-va lues  0 .50  and 0 .4 3 )  o f about th e  same 
i n t e n s i t y  were observed  when a c e t i c  a c id  and th io n y l  c h lo r id e  were 
u sed . Only one main b r i g h t  f l u o r e s c in g  sp o t  (R ^-value  0 .1 8 )  was 
n o t ic e d  when fo rm ic  a c id  and t h io n y l  c h lo r id e  were u se d .  However, two 
main f l u o r e s c i n g  s p o ts  (R ^ -va lues  0 .5 0  and 0 .2 0 )  were observed  when 
t r i f l u o r o a c e t i c  a c id  was u se d .  C o n s i s te n t  r e s u l t s  were o b ta in e d  w i th  
t h i s  method in  s e v e r a l  r e p e t i t i v e  I n v e s t i g a t i o n s .
These proposed  r e a c t i o n s  fo r  I d e n t i f i c a t i o n  o f  a f l a t o x i n  by 
d e r i v a t i v e  fo rm a tio n  were f u r t h e r  i n v e s t i g a t e d ,  and th e  c o n d i t io n s  to  
o b ta in  b e t t e r  y i e l d s  were more c r i t i c a l l y  d e f in e d ,  and e s p e c i a l l y  th e  
rec o v e ry  o f th e  p resum ptive  a f l a t o x i n  by p r e p a r a t i v e  TLC was 
em phasized by S t o l o f f  (120) in  a  r e p o r t  o f  a  c o l l a b o r a t i v e  s tu d y  in  
which 19 l a b o r a t o r i e s  p a r t i c i p a t e d .  F o llo w in g  t h i s  m o d if ied  method, 
each  c o l l a b o r a t o r  an a ly zed  two n a t u r a l l y  c o n tam in a ted  samples w i th
39
3 .0  /jg o f  a f l a t o x i n  B^, and one a f l a t o x i n - f r e e  sample to  which an 
a f l a t o x i n  a r t i f a c t  was added . No f a l s e  I d e n t i f i c a t i o n  was r e p o r te d  
among th e  l a b o r a t o r i e s .  S ix te e n  l a b o r a t o r i e s  o b ta in e d  rea so n a b ly  good 
r e s u l t s  w i th  t r i f l u o r o a c e t i c  a c i d ,  and form ic  a c id  and th io n y l  c h lo r id e  
whereas tw elve  l a b o r a t o r i e s  o b ta in e d  re a so n a b ly  good r e s u l t s  w i th  
a c e t i c  a c id  and th io n y l  c h l o r i d e .  T h is  e n t i r e  method, as  m o d if ied  by 
S t o l o f f  (1 20 ) ,  was adop ted  as  o f f i c i a l ,  f i r s t  a c t io n  (2 0 ) .
The a f l a t o x i n  d e r i v a t i v e s  sy n th e s iz e d  by r e a c t i n g  a f l a t o x i n  
w ith  th io n y l  c h lo r id e  and g l a c i a l  a c e t i c  a c i d ,  have very  r e c e n t l y  
been i s o l a t e d  and c h e m ic a l ly  c h a r a c t e r i z e d  by W iley e_t j a l .  (139 ) .
They proposed th e  common names to  be p ro d u c t  1 and p ro d u c t  2 because  of 
th e  o rd e r  o f e l u t i o n  by chrom atography . Product 1 was i d e n t i f i e d  as 
a l p h a - l - a c e t y l - 2 -h y d ro -6 -m ethoxydifurocoum arone, and p ro duc t 2 was th e  
b e ta - i s o m e r . These f in d in g s  s u b s t a n t i a t e d  th e  assum ptions o f  
A n d re l lo s  and Rs^id (3) as  f a r  as  the  proposed  mechanism of t h i s  
r e a c t i o n .
W ilson ^ t  a l .  (143) r e p o r t e d  t h a t  from 129 p u r i f i e d  c u l t u r e  
e x t r a c t s ,  r e p r e s e n t in g  29 s p e c i e s ,  on ly  s p e c ie s  I d e n t i f i e d  as 
A s p e r g i l lu s  f l a v u s  or A s p e r g i l lu s  p a r a s i t i c u s  produced a f l a t o x i n s  as 
con firm ed  by fo l lo w in g  th e  method of d e r i v a t i v e  fo rm a tio n  of 
A n d re llo s  and Reid  ( 3 ) .  None of th e  e ig h t  s p e c i f i c  organisms 
p re v io u s ly  r e p o r t e d  to  produce a f l a t o x i n s  by o th e r  I n v e s t i g a to r s  were 
confirm ed  by t h i s  m ethod. M is l iv e c  e£  a l .  (73) examined 260 i s o l a t e s ,  
In c lu d in g  43 s p e c ie s  o f  P e n ic i I l iu m  and 7 s p e c ie s  o f A s p e rg i l lu s  fo r  
a f l a t o x i n s .  I t  was found t h a t  none produced a f l a t o x i n s .  C e r ta in  
s p e c ie s  o f P e n ic i l l iu m  produced f l u o r e s c i n g  s u b s ta n c e s ,  which 
resem bled  a f l a t o x i n s  B o r  G in  c o l o r ;  however, th ey  were n o t
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confirm ed  to  be  a f l a t o x i n s  by tw o-d im ensional chrom atography and 
io d in e  fume r e a c t i o n  w ith  a f l a t o x i n  s ta n d a rd s  and w ith  the  f lu o r e s c in g  
s u b s ta n c e s .
A sim ple  r o u t in e  method fo r  th e  c o n f i rm a t io n  o f th e  i d e n t i t y  of 
o c h ra to x in  A was su g g e s te d  e a r l i e r  by S teyns _et j i l .  (115) who 
su g g es ted  d i r e c t l y  sp ra y in g  the  s p o ts  on th e  TLC p l a t e  w i th  0 .1  N 
aqueous sodium hydroxide which changed t h e i r  o r i g i n a l  g reen  f l u o r ­
escence  to  a  b lu e  f l u o r e s c e n c e .  Walbcek e_t a l .  (137) r e p o r te d  th e  
s y n th e s i s  o f  a c e t i c  an h y d rid e  d e r i v a t i v e  o f o c h ra to x in  A, by t r e a t i n g  
1 ug of the  to x in  w i th  two drops o f a c e t i c  anhydride  fo r  1 hour a t  
room te m p e ra tu re .  The e x ce ss  r e a g e n t  was e v a p o ra te d ,  the  r e s id u e s  
d i l u t e d ,  s p o t te d  on a  TLC p l a t e ,  and th e  p l a t e  was developed in  a  95:5 
v /v  m ix tu re  o f  c h lo ro fo rm :m e th a n o l.  They found a t y p i c a l  m ajor b lu e  
sp o t  a t  R ^-value  0 .61  and minor sp o ts  a t  R ^-value  0 .3 5 ,  0 .88  and 0 .9 3 .  
These i n v e s t i g a t o r s  f u r t h e r  r e p o r te d  t h a t  a P e n ic i l l iu m  s p e c ie s  
produced o c h ra to x in  A which was confirm ed  by b o th  d e r i v a t i v e  fo rm ation  
w i th  a c e t i c  a n h y d r id e ,  and a l s o  by th e  UV s p e c t ro s c o p ic  method.
S t o l o f f  (122) s t a t e d  t h a t  th e  i d e n t i t y  of o c h ra to x in  A c o u ld  be 
ch em ic a l ly  confirm ed  by i t s  a c id  fu n c t io n  and by com parison on TLC 
( th e  R e v a l u e s )  o f th e  methyl d e r i v a t i v e  w i th  an a u th e n t i c  m ethyl 
e s t e r ,  t h a t  i s  the  m ethyl e s t e r  s y n th e s iz e d  by u s in g  pure  s ta n d a rd  
o c h ra to x in  A. Very r e c e n t l y  Sho tw ell  (109) r e p o r t e d  the  i d e n t i f i c a ­
t i o n  of o c h ra to x in  A by d e r i v a t i v e  fo rm atio n  in  a ch lo ro fo rm  s o l u t io n  
by t r e a t i n g  i t  w i th  14 p e rc e n t  boron  t r i f l u o r i d e  in  m ethano l.  Both 
th e  p u r i f i e d  sample e x t r a c t  from a p o s i t i v e  co rn  sample and the  
a u th e n t i c  o c h ra to x in  A were t r e a t e d  s i m i l a r l y  i n  p re p a r in g  th e  m ethyl 
d e r i v a t i v e .  A f te r  e v a p o ra t in g  th e  excess  r e a g e n ts  and s o l v e n t s ,  the
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re s id u e s  were d i l u t e d ,  s p o t te d  on a TLC p l a t e  and developed  in  a 
10 :90 :1  v / v /v  m ix tu re  o f  g l a c i a l  a c e t i c  a c id :b e n z e n e :w a te r . One m<Hn 
f lu o r e s c in g  p ro d u c t  o f l a r g e r  Rf -v a lu e  th an  o c h ra to x in  A was on ly  
o b se rv ed .  The d e t a i l s  o f  t h i s  r e a c t i o n  has n o t  y e t  been  p u b l is h e d .
MATERIALS AND METHODS
A. Chemical Reagents
Pure S o lv en ts  C hloroform , ACS (0.757* e th a n o l ) ;  n -hexane , ACS 
nanograde; carbon  t e t r a c h l o r i d e ,  ACS; a c e to n e ,  ACS; m ethano l, ACS; 
a b s o lu te  e th a n o l ,  U .S .P . -N .F . ;  2 -p ro p a n o l ,  ACS; n - b u ta n o l ,  ACS; 
e th y l  a c e t a t e ,  ACS; cy c lohexane , c e r t i f i e d  s p e c t r a n a ly z e d  
(F is h e r  S c i e n t i f i c  C o .) ;  t e t r a h y d r o f u r a n ,  s i l y l a t i o n  grade  
(P ie rc e  Chemical C o .) ;  p y r id in e ,  s i l y l a t i o n  g rade  (P ie rc e  
Chemical C o .) ;  form ic a c id ,  ACS (90.47. by a s s a y ) ;  g l a c i a l  a c e t i c  
a c id ,  ACS.
Cleanup S o lv e n ts :
a .  Chloroform :hexane 1:1 v /v .
b .  M ethano l:ch lo ro fo rm  1:9  v / v .
c .  M ethano l:ch lo ro fo rm  1:4  v / v .
d .  A cetone:hexane 1 :1  v /v
e .  H ex an e :ace ton e :fo rm ic  a c id  59 :40 :1  v / v /v  ( s o lv e n t  1 5 -1 ) .  
Developing S o lv e n ts ;
a .  Chloroform : a c e to n e :2 -p ro p a n o l  8 5 :1 2 5 :2 .5  v /v /v  
(Pons e t  a l . 1968).
b .  B enzene:carbon  t e t r a c h l o r i d e : n - b u t a n o l : e t h y l  a c e ta te : f o r m ic  
a c id  3 5 :2 5 :2 0 :1 9 :1  v / v / v / v / v  ( s o lv e n t  1 7 -1 ) .
c .  B e n z e n e :n -b u ta n o l :e th y l  a c e ta te : f o r m ic  a c id  6 9 :1 5 :1 2 :4  
v / v /v / v  ( s o lv e n t  1 6 -7 ) .
d .  B en zen e :e th y l  a c e ta te :n - b u ta n o l : f o r m ic  a c id  5 0 :3 3 :1 5 :2  
v / v / v / v  (deve lop in g  s o lv e n t  f o r  v e ry  t h in  l a y e r  chrom atography
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on m ic ro sco p ic  s l i d e s ) .
4 .  R eagen ts :
a .  NaOH, ACS ( re a g e n t  c r y s t a l s ) ;  NajSO^, ACS (anhydrous g r a n u l a r ) ;  
KH2 P04 , ACS (an h y d ro u s) ;  NaCl, ACS; CuSO^, ACS, HCl, ACS; 
t a r t a r i c  a c id ,  ACS.
b .  T r i f l u o r o a c e t i c  a c id  (Eastman O rganic  Chem icals , 6287); 
a c e t i c  a n h y d r id e ,  ACS; t r i f l u o r o a c e t i c  anhydride  (Eastman 
O rganic C hem icals, 7386); d lm e th y lc h lo r o s l l a n e ,  s i l y l a t i o n  
g rade  (P ie rc e  Chemical C o .) ;  h e x a m e th y ld is i la z a n e , s i l y l a t i o n  
grade (P ie rc e  Chemical C o .) ;  s i l y l - 8 ,  s i l i c o n e  d e r i v a t i v e  fo r  
column c o n d i t io n in g  (P ie rc e  Chemical C o .,  380144).
c .  F l o r i s i l . -  60-100 mesh (P en n sy lv an ia  G lass  Sand C o rp . ,
P i t t s b u r g h ,  P a . ) .  P re v io u s ly  a c t iv a t e d  a t  1200°C b e fo re  buying
o
i t .  R e a c t iv a te d  a t  135 o v e rn ig h t ,  th en  s t o r e d  i n  1000 ml 
g la s s - s to p p e re d  E rlenm eyer u n t i l  rea d y  f o r  u s e .
d .  C e l i t e  545 (Joh n -M ansv il le  C o . ) .
e .  S i l i c a  g e l  f o r  TLC, A d so rb o s i l-1  (A pplied  Science  
L a b o r a to r i e s ,  S ta te  C o l le g e ,  P e n n .) .
f . GLC s t a t i o n a r y  p h a s e . -  Chromosorb W(HP) 80-100 mesh c o a te d  w i th  
37. d im ethyl s i l i c o n e ,  PO-1 ( P ie rc e  Chemical C o . ) .
g .  A c t iv a te d  c a rb o n , N o r i t  F .Q .P . (Eastman O rganic  C h em ica ls ) ,  
which was washed w i th  hexane.
5 .  S o lu t i o n s :
a .  Sodium h y d ro x id e .- 0 .2 ,  0 .5 ,  and 1 ,0  N NaOH aqueous s o l u t i o n s .
b .  H ydro ch lo r ic  a c i d . -  1 N HCl aqueous s o l u t i o n
c .  T a r t a r i c  a c id , -  10 p e rc e n t  aqueous s o l u t i o n
d . P h y s io lo g ic a l  s a l i n e , -  9 .0  g NaCl i n  1 l i t e r  aqueous s o l u t io n
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e .  B u t t e r f i e l d ' s  Phosphate B u ffe r  (BPB). -  S tock s o lu t io n s :  34 g
of KlIjPO^ was d i s s o lv e d  in  500 ml d i s t i l l e d  w a te r ,  a d ju s te d  to  
pH 7.2 w ith  175 ml 1 N NaOH, and d i l u t e d  to  1 l i t e r  w i th  
d i s t i l l e d  w a fe r ;  i t  was s t o r e d  in  th e  r e f r i g e r a t o r .  Working 
s o l u t io n s :  1 .25 ml BPB s to c k  s o l u t io n s  were p i p e t t e d  i n to
1 l i t e r  v o lu m e tr ic  f l a s k ,  and d i l u t e d  to  1 l i t e r  w ith  
d i s t i l l e d  w a te r .  I t  was a u to c la v e d  a t  15 p . s . i . g .  (121°C) f o r  
15 m in u te s .
f .  S t e r i l e  d i s t i l l e d  w a te r . -  10 ml o f d i s t i l l e d  w a te r  were 
d e l iv e r e d  in to  20 x 500 mm t e s t  tu b e s ,  and a u to c la v e d  as 
ab o v e .
6 .  M ic ro b lo lo g ic a l  Media;
a .  DIFCO A n t ib io t i c  Medium 1 .-  3 0 .5  g o f d eh yd ra ted  and d i s s o lv e d
in  1 l i t e r  o f d i s t i l l e d  w a te r ,  h e a ted  in  a b o i l i n g  w a te r  b a th
u n t i l  th e  s o lu t io n  was d i s s o lv e d ;  i t  was s t e r i l i z e d  by
o
a u to c la v in g  a t  15 p . s . i . g .  (121 C) f o r  15 m in u te s .
b .  DIFCO A n t i b io t i c  Medium 2*- 25 .5  g o f  dehydra ted  medium were
d is s o lv e d  in  a  l i t e r  o f  d i s t i l l e d  w a te r ,  the  pH was a d ju s te d
to  5 .9  w i th  1 N HCl s o l u t i o n ,  a f t e r  s t e r i l i z a t i o n .
c .  DIFCO P o ta to  D ex trose  A g a r .-  39 g o f dehydra ted  medium were 
d i s s o lv e d  in  a  l i t e r  o f d i s t i l l e d  w a te r ,  s t e r i l i z e d  a s  above, 
and the  pH was a d ju s te d  to  3 .5  w i th  a 10 p e rc e n t  s o l u t io n  o f  
t a r t a r i c  a c i d .
7 . O chra tox in  S ta n d a rd s . -  Source: Dr. I .F .H .  P u rch ase , Head,
D iv is io n  of T ox ico logy , N a t io n a l  R esearch  I n s t i t u t e ,  P r e t o r i a ,  
South A f r i c a .
a .  O chra tox in  A s ta n d a rd  s o l u t i o n . -  I t  was weighed ou t i n  a
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m ic roba lance  1 .0  mg o f  pure c r y s t a l l i n e  o c h ra to x in  A (84% by 
w e igh t)  c o n ta in in g  1 m olecule  o f benzene of c r y s t a l l i z a t i o n ,  
and d i s s o lv e d  e x a c t ly  to  50 ml w ith  1:1 v /v  m ix tu re  o f  hexane 
and ch lo ro fo rm  (o c h ra to x in  A c o n c e n t r a t io n  1 6 .8 ^ ig /m l) ,  
d e l iv e r e d  1 ml i n to  each  p o ly e th y le n e  s to p p e re d  1-dram v i a l  
and p la c e d  in  a  b eak e r  c o n ta in in g  th e  above s o l v e n t ,  covered  
the  b e ak e r  w i th  aluminum f o i l  and s to r e d  in  th e  f r e e z e r .
b .  O ch ra to x in  B s ta n d a r d  s o l u t i o n . -  O ch ra tox in  B was p u r i f i e d
by s o lv e n t  p a r t i t i o n ,  p r e p a r a t iv e  channe l l a y e r  ' '.hromatography, 
and hexane p r e c i p i t a t i o n .  The c o n c e n t r a t io n  of o c h ra to x in  B 
was c a l c u l a t e d  from i t s  absorbance  and m olar a b s o r p t i v i t y  a t  
218 mu. The d i l u t i o n  was a d ju s te d  to  g ive  a  c o n c e n t r a t io n  o f
36.5  jig/m l w ith  a  1 :1  m ix tu re  o f hexane and c h lo ro fo rm . I t  was 
then  s t o r e d  as above.
c .  O ch ra to x in  C s ta n d a rd  s o l u t i o n . -  O chra to x in  C was p u r i f i e d  by 
s o lv e n t  p a r t i t i o n  and p r e p a r a t iv e  channe l l a y e r  chromatography. 
The c o n c e n t r a t io n  of o c h ra to x in  C was c a l c u l a t e d  from i t s  
absorbance  and m olar a b s o r p t i v i t y  a t  214 mji. The d i l u t i o n  was 
a d ju s te d  to  g iv e  61 .6  jug/ml, and i t  was s t o r e d  as  above .
d .  O ch ra to x in  A, B and C m ix tu re  c o n ta in in g  25 .5  jug o c h ra to x in  A,
36.5  jug o c h ra to x in  B, and 61.6  ^jg per ml o f  o c h ra to x in  C.
e .  Yellow c o r n . -  I t  was s t e r i l i z e d  in  2000-ml E rlenm eyer f l a s k s
oby a u to c la v ln g  a t  15 p . s . i . g .  (121 C) fo r  20 m in u te s .
f .  Shredded w h e a t . -  A 25 g sample was p la c e d  i n  500 ml 
E rlenm eyer f l a s k  and was s t e r i l i z e d  as  above.
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B. Equipment
1. Chrom atographic T u b es .-  Pyrex g la s s  600 x 19 mm o .d .  custom made 
w i th  a  0 .0 2 -0 .0 5  mm s t r a i g h t - b o r e  T e f lo n  s to p c o c k . A plug  of s o f t  
g l a s s  wool was p la c e d  a t  th e  bottom  b e fo r e  pouring  the  F l o r l s l l  
I n to  the  column.
2 .  Waring B le n d e r . -  S tan d ard  l a b o r a to r y  model w ith  1 l i t e r  g la s s  
c o n ta in e r .
3 .  Powers t a t  T ra n s fo rm e r . -  Type 500 B, o u tp u t  v o l ta g e  0-140 v o l t s  
w i th  a 50 o r  60 c y c le  A.C. in p u t  115 v o l t s ,  and a  maximum power 
o u tp u t  o f  1 .05 k i lo v o l t - a m p .
4 .  C e n t r i f u g e s :
a .  I n t e r n a t i o n a l  Model 75495M-2.
b .  S e r v a l l  Model RC-2 ( r e f r i g e r a t e d  c e n t r i f u g e ) .
5 .  S e p a ra to ry  F u n n e ls . -  Corning 500-ml and 1000-ml w i th  T eflo n  
s t o c k s .
6 .  R o ta t in g  Vacuum E v a p o ra to r . -  Rinco type (W.H. C u r t in  and C o . ) .
7 . Dry N itro g en  Gas C y l in d e r . -  A irco  2000 p . s . i . g .  c y l i n d e r ,  
equipped w i th  a H a r r i s  p re s s u re  gauge and flow  r e g u la to r  and a 
M icro tek  f i l t e r  d r i e r  k i t .
8 .  P e t r i  d i s h e s . -  S t e r i l i z e d  p l a s t i c  P e t r i  d ish e s  90 mm o .d .  and 
15 mm deep.
9 . TLC Equipment:
a .  G la ss  p l a t e s  20 x 20 cm o r  2 .5  x 7 .6  cm m ic ro sco p ic  s l i d e s .
b .  Channel la y e r  g l a s s  p l a t e  20 x 20 cm p l a t e s  w i th  9 r e c ta n g u la r  
ch an n e ls  of 2 mm deep, 10 mm wide and 20 cm long  (Kontea G la ss  
C o .,  K-41603).
c .  A d ju s ta b le  th ic k n e s s  a p p l i c a t o r . -  W a rn e r-C h i lc o t t
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L a b o ra to r ie s  (Model 2 0 0 -1 1 ) ,  a d ju s te d  to  0 .5  mm th ic k n e s s .
d .  C a l ip e r s  0 .0 5 -1 .0 0  mm.
e .  M i c r o l i t e r  s y r i n g e . -  10 u l  Hamilton s t y l e  701-SN.
f . M i c r o l i t e r  p i p e t s . -  2 ,  5 ,  and 10 j i l ,
g .  V i a l s . -  1 dram w ith  p o ly e th y len e  s to p p e r s .
h .  S p o t t in g  tem p la te  of c l e a r  p l a s t i c .
i .  Developing chamber (12 .5  x 22 cm) and g la s s  l i d  which f i t  
t i g h t l y  over  the  ground g la s s  top o f the  cham ber.
j .  S t a in l e s s  s t e e l  s to ra g e  rac k s  w i th  c a p a c i ty  f o r  10 TLC p la t e s  
20 x 20 cm in  s i z e .
k .  C ab ine t d e s ic c a to r  s t a i n l e s s  s t e e l  Bockel ty p e .
1. F lu o re s c e n t  v ie w e r . -  U l t r a v i o l e t  p roduct in c o r p o r a te d ,
Model C-4, equ ipped  w i th  fo u r  15 w a t t  long wave UV lam ps.
m» D e n s i t o m e t e r P h o t o v o l t  Model 530 equipped w i th  320-390 mji 
UV s o u rc e ,  prim ary  UV f i l t e r ,  and 6 x 19 mm prim ary  s l i t ;  a 
s t a r c h  u n i t  c o n ta in in g  a 0 .1  x 6 mm c o l l im a t in g  s l i t ,  a  
465 nyt secondary  f i l t e r  and a 28-B p h o to tu b e ;  a  520A 
m u l t ip l i e r -p h o to m e te r ;  a TLC s ta g e  equipped f o r  b o th  manual 
and au tom atic  (1 in ch  per m in u te ) ;  a  V a r ic o rd  Model 43 (4 
Inches pe r  m inute  c h a r t  d r iv e )  v a r i a b le  respo nse  r e c o r d e r ,  
equipped w i th  an In te g ra p h  Model 49 au tom atic  i n t e g r a t o r .  
F ig u re  1 shows a schem atic  diagram of t h i s  in s t ru m e n t ,  
a cco rd in g  to  Pons e t  a l . ( 9 1 ) ,  Sou thern  Regional R esearch  
L a b o r a to r i e s ,  New O rle a n s ,  La.
n .  P lan im e te r  Model 39231 (Gelman In s t ru m e n t  C o .) .
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SCH EM ATIC-TLC DENSITOMETER
F ig u re  1 . -  Schematic diagram  of the  TLC f lu o r o d e n s i to i r e te r  as the  
P h o to v o lt  Model 530.
49
11. B a la n ce s :
a .  Rough.- Harvard  t r i p  b a la n c e .
b .  A n a ly t ic a l  b a la n c e , -  M e t t l e r  In s tru m en t  Co. (609-448-1946).
c .  M ic ro b a la n c e .-  Brickmann (0-2 mg r a n g e ) .
12. Bausch-Lomb S p c c tro n lc  2 0 ,
13. Beckman Model DB S p e c tro p h o to m e te r . -  Equipped w ith  a  hydrogen
lamp power supp ly  Model DfB, and a l i n e a r  lo g  p o te n t io m e tr ic  5 - in c h
r e c o r d e r ;  a l s o  a p a i r  o f matched 1 cm l i g h t  p a th  s i l i c a  c e l l s .
I n f r a r e d  Spectrophom eter Perk in-E lm er Model 2 1 Equipped w i th  a
Model 21 a m p l i f i e r  and r e c o r d e r .  S p e c t r a  ru n  w i th  0 .1  mm matched
NaCl s e a l  c e l l s .
15. Gas Chromatography:
a .  M icro tek  Model 2000-R GLC, equipped  w i th  a  tem pera tu re  
programmer, dual g la s s  colum ns, dual hydrogen flam e 
d e t e c t o r s ,  and a 12- in c h  r e c o r d e r  (Honeywell Model Y15307856) 
w ith  v a r i a b l e  sp e ed .
b .  Columns.- Custom-made pyrex  g la s s  column 3 mm o . d . .  1 .22 
m eters lo n g .  I t  was m od ified  by adding a  10 cm p iec e  o f 6 mm
o .d .  g l a s s  tu b in g  a t  the  bottom  end . which was lowered to  the  
h e a t in g  b lo c k ,  and a n o th e r  9 cm p iec e  (6 mm o . d .  pyrex  g la s s  
tu b in g )  was p la c e d  in s id e  each  i n j e c t i o n  p o r t ,  so as to  o b ta in  
an a l l  g l a s s  system  from the i n j e c t i o n  p o in t  o t  the  end o f  the  
column.
I
c .  M ic ro sy r in g e .-  A Ham ilton 10 ^il (701-NWG) s y r in g e ;  a Hamilton 
50 / i l  (#705) s y r in g e ,  and a  Hamilton 100 p i  (#705) s y r in g e .
d .  C a r r i e r  g a s . -  U l t r a  h igh  p u r i t y  n i t r o g e n  gas (American 
C ry o g e n ic s , I n c . ) .
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e .  Fuel gas* -  Hydrogen (G eneral Dynamics).
f .  A i r . -  Compressed a i r  (G ulf Oxygen C o . ) .
C. A n a ly t ic a l  Methods
C au tion : S ince  o c h ra to x in s  have been  dem onstra ted  to  be to x ic
to  a n im a ls ,  th e  c a r e  and p re c a u t io n s  recommended fo r  a f l a to x i n s  (19) 
and any o th e r  poisonous m a t e r i a l s  must be observed  th ro ugh ou t t h i s  
i n v e s t i g a t i o n .
1 * E x t r a c t i o n :
A 25 g sample and 10 g C e l i t e  545 was p laced  in  a  b le n d e r  cup, 
and 150 ml o f  ch lo ro fo rm  was ad ded . A f te r  b le n d in g  fo r  5 m in u te s ,  
the  homogenate was f i l t e r e d  th ro u g h  f i l t e r  paper (Whatman No, 4 
o r  e q u iv a le n t )  u n t i l  an a l i q u o t  o f 75 ml o f  th e  f i l t r a t e  cou ld  be 
o b ta in e d .
2 .  P u r i f i c a t i o n  by Column Chromatography:
a .  The p r e p a r a t io n  of the  column was accom plished by p la c in g  a 
p lug  of g l a s s  wool a t  th e  bottom  of th e  column. Then, 30 g of 
p re v io u s ly  a c t i v a t e d  F l o r i s i l  was added s low ly  w h ile  tap p in g  
and ap p ly in g  s u c t io n  to  the  bo ttom  of th e  column to  in s u re  
even p a ck in g .  A c l o t  o f  g l a s s  wool was p lac ed  a t  th e  top  to  
cap  the  pack ing  to  a v o id  d i s t u r b in g  the  top  o f  th e  packing 
m a te r i a l  w h ile  pou ring  th e  sample o r  s o l v e n t .  Io m e d ia te ly  50 
ml of n-hexane was added to  wash the  column, and th e  flow  was 
a d ju s te d  to  abou t 10 ml p e r  m in u te .  The column sh o u ld  n o t  be 
a llo w ed  to  d ry ,  b ecau se  a i r  bubb les  c o u ld  become e n tra p p e d  
i n s id e  and d i s t u r b  th e  p a ck in g ,  w hich  a f f e c t s  th e  column 
e f f i c i e n c y .
b .  The e x t r a c t  a l i q u o t  (75 ml) was t r a n s f e r r e d  i n to  a 250-ml 
b e a k e r ,  and 75 ml o f  n-hexane were added and mixed b e fo re  
b e in g  added to  the  column. When the  l e v e l  o f  hexane was j u s t  
above the top  o f th e  column p ack in g , the  d i l u t e d  sample a l i q u o t  
was t r a n s f e r r e d  i n to  th e  column, and allow ed to  d r a in  u n t i l  
a l l  passed  th rough  th e  column, A squeeze b o t t l e  c o n ta in in g  a 
m ix tu re  of 1 :1  h e x an e :c h lo ro fo rm  was used  to  r i n s e  th e  beake r  
s e v e r a l  tim es and th e  s o lv e n t  was a llow ed  to  d r a i n .  Toward th e  
end , th e  column flow  was a d ju s te d  to  about 5-7 ml per m in u te ,
c .  The column was washed w i th  th e  fo l lo w in g  s o lv e n t  m ix tu res  of 
i n c r e a s in g  p o l a r i t i e s . -  150 ml o f 10 p e rc e n t  m ethanol in  
c h lo ro fo rm ; 200 ml of 20 p e rc e n t  m ethanol i n  c h lo ro fo rm ; and 
300 ml of 50 p e rc e n t  ace to n e  i n  hexane . At th e  end o f  th e  l a s t  
wash, the  o c h ra to x in s  were e l u t e d  w i th  400 ml o f  s o lv e n t  15-1 
(a  m ix tu re  o f  59 :4 0 :1  v / v / v  o f h e x a n e :a c e to n e :fo rm ic  a c i d ) ,
d .  The o c h ra to x in s  were e lu t e d  w i th  300 ml o f 59 :40 :1  m ix tu re  o f  
h e x a n e :a c e to n e :fo rm ic  a c id  ( s o lv e n t  1 5 -1 ) .  The f i r s t  50 ml 
can  be d is c a rd e d  i f  one w ish e s ;  th e  rem ain ing  can be c o l l e c t e d  
in  a  400 ml b e ak e r  u n t i l  the  e n d .
P a r t i t i o n  w i th  pH-Adjusted Aqueous Hexane. -  The removal o f most 
pigm ents and o th e r  i n t e r f e r e n c e s  e x t r a c t e d  w i th  ch lo ro fo rm  and 
n o t  c le a n e d  up by  column chrom atography as th o se  r e p o r t e d  by 
Eppley  (38) and Nesheim (77) i n  c e r t a i n  food  m a t e r i a l s  i s  
accom plished  by a  pH -ad ju s ted  aqueous hexane p a r t i t i o n ,  which i s  
d e s c r ib e d  by th e  fo l lo w in g  scheme:
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250 ml c lu a t c  (500 ml s e p a r a to ry  fu n n e l)
Add 125 ml 0 .2  N NaOH, shake 
tho ro u g h ly
Aqueous l a y e r Hexane la y e r
E x t r a c t  3X w ith  20 ml 
e a .  s o lv e n t  15 p lu s  
10 ml 0 .4  ml 0 .2  N 
NaOH e a .
Shake tho roug h ly
I-----------
Aqueous l a y e r Hexane l a y e r  
( d i s c a rd )
500 ml Sep. fu n n e l  
(Pooled  aqueous l a y e r )
1 .  A c id ify  w i th  1 N HCl to  pH 2 .5
2 ,  E x t r a c t  w i th  ch lo ro fo rm  (1 0 0 ,5 0 ,2 5 ,2 5  ml)
Shake th o ro u g h ly
Chloroform  la y e r
Wash w i th  HO 
2
1
Aqueous l a y e r  ( d i s c a r d )
C hloroform  l a y e r Aqueous la y e r
E x t r a c t  3X w i th  ch lo ro fo rm  from 
squeeze b o t t l e
I--------------------
Chloroform  la y e r
 1
Aqueous l a y e r  ( d i s c a rd )
F i l t e r  th rough  
Na2S0^ (anhydrous)
500 ml Round f l a s k  o
1 . E v ap o ra te  under r e d  p re s s u re  under 50 C u n t i l  ^  2 ml
2 .  T ra n s fe r  to  screw -capped  t e s t  tube  w i th  1:1 hexane: 
ch lo ro fo rm




4 . Thin Layer Chromatography (TLC) :
a .  P re p a ra t io n  o f  the  TLC p l a t e s . -  The p l a t e s  were p rep a red  
acco rd ing  to  Pons (93) which e s s e n t i a l l y  was as fo l low s:
For p r e p a r a t io n  of 5 TLC p l a t e s  (20 x 20 cm), 50 g of 
a d s o r b o s i l - 1  was weighed o u t i n  a  250-ral b e a k e r ,  75 ml o f  
d i s t i l l e d  w a te r  was added and mixed th o roug h ly  w i th  a s t i r r i n g  
rod  w i th o u t  foaming or making bubb les  (abou t 2 m in u te s ) . Then 
t h i s  was sp re ad  on the  p l a t e s  w i th  an a p p l i c a t o r  which was 
p re v io u s ly  s e t  a t  0 .5  mm t h ic k n e s s .  I t  was a llow ed  to  dry 
f o r  about 45 m in u te s .  A f te r  b e in g  a c t i v a t e d  fo r  5 hours in  an 
oven, the  p l a t e s  were s to r e d  in  a  d e s i c c a t o r  u n t i l  ready  fo r  
u s e .
b .  P re p a ra t io n  of TLC m icroscope s l i d e s . -  E x t r a  t h i n  f i lm  and 
very  f a s t  (5 m inute  deve lop in g  tim e) can be perform ed on d ip -  
c o a te d  2 .5  x 7 .6  m icroscope s l i d e s .  This i s  a  m o d i f ic a t io n  of 
th e  method of F e h r in g e r  and Ogger (41) and e s s e n t i a l l y  
c o n s i s t s  of p re p a r in g  a  s l u r r y  o f  30 g o f A d so rb o s i l  w i th  
90-100 ml o f ch lo ro fo rm  depending on th e  th ic k n e s s  of the 
f i lm  r e q u i r e d .  A f te r  th o ro u g h ly  m ix ing , the  s l u r r y  was 
poured i n to  a  c u t  250-ml g rad u a te  (abou t 12 cm in  l e n g t h ) .
Then th e  s l i d e s  were r a p id ly  d ipped  i n to  the  s l u r r y  and 
p la c e d  i n  a  ly in g  p o s i t io n  u n t i l  d ry  (ab o u t 10 m in u te s ) ,
A f te r  the  s l i d e s  were a c t i v a t e d  a t  110°C f o r  10 m in u te s ,  they  
were s t o r e d  in  a  d e s i c c a t o r .
c .  P re l im in a ry  TLC on 20 x 20 p l a t e s . -  Two, f o u r ,  and s i x  j i l  of 
th e  s ta n d a rd  o c h ra to x in s  A, B and C m ix tu re  were s p o t te d  and 
2 ,  4 and 6 j i l  o f  th e  p u r i f i e d  samples were s p o t te d  s i m i l a r l y
as su g g es ted  by S c o t t  and Hand (1 0 6 ) .  The p l a t e s  were 
developed w ith  a f r e s h ly  p rep a red  200 ml of s o lv e n t  16-7 
b e n z e n e :n - b u ta n o l :e th y l  a c e ta te : f o r m ic  a c id  6 9 :1 5 :1 2 :4  
v / v / v / v ,  and 175 ml were added to  a l in e d  TLC d ev e lo p in g  j a r .  
The s o lv e n t  f r o n t  was a llow ed  to  re a c h  th e  premarked l i n e  a t  
140 mm from th e  im aginary  s p o t t i n g  l i n e ;  then  th e  p l a t e  was 
removed and a llow ed  to  dry under the  hood. The p l a t e  was 
i l lu m in a te d  and examined under th e  UV l i g h t  and th e  R ^-values 
o b ta in e d  f o r  o c h ra to x in s  A, B and C were 0 ,7 4 ,  0 .65 and 0 ,8 1 ,  
r e s p e c t i v e l y .  V isu a l  com parisons were c a r r i e d  o u t s i m i l a r l y  as  
f o r  a f l a t o x i n s  (19) to  approxim ate  th e  f i n a l  c o n c e n t r a t io n  of 
th e  sample fo r  q u a n t i t a t i v e  d e te rm in a t io n .
P re l im in a ry  TLC on d ip -c o a te d  s l i d e s . -  For r a p i d  and s e n s i t i v e  
s c re e n in g  t e s t s  o r when on ly  a few samples a re  t .  be a ssa y ed . 
T h is  i s  a m o d if ied  approach  to  the  method o f  Fnh.-inger and 
Ogger (4 1 ) .  The s o lv e n t  f r o n t  l i n e  was marked a t  oO utn and 
the  s p o t t i n g  was c a r r i e d  o u t  a t  10 mm from th e  b o ttom , and 
th e  f i r s t  5 mm were sc rap p ed  o f f  the  s l i d e .  Three sp o ts  co u ld  
be accommodated i n  each  of th e  two s l i d e s  used Tor the  
p re l im in a ry  TLC t e s t .  In  the  c e n te r  of s l i d e s  1 and 2 ,  the  
s ta n d a rd  m ix tu re  o f o c h ra to x in s  A, B and C was s p o t te d  w ith  
1 and 2 j i l ,  r e s p e c t i v e l y .  On s l i d e  1, s p o t  1 and 2 j i l  o f  the  
sam ple , and on s l i d e  2 ,  s p o t  2 and 4 >*1 of the  sam ple . The 
s l i d e s  were developed (5 m inu tes  deve lop ing  tim e) in  a l in e d  
250-ml b eak e r  w i th  20 ml o f s o lv e n t  12-4 (b e n z e n e :e th y l  
a c e ta t e :n - b u ta n o l : f o r m ic  a c id  5 0 :3 3 :1 5 :2  v / v / v ) .  They were 
a llow ed  to  dry and were examined under th e  UV l i g h t .  The
Rf -v a lu e s  o b ta in e d  f o r  o c h ra to x in  A, B and C were 0 .7 1 ,  0 .63 
and 0 .8 0 ,  r e s p e c t i v e l y .  V is u a l  com parisons were c a r r i e d  o u t 
s i m i l a r l y  as  w i th  TLC p l a t e s ,
e .  Q u a n t i t a t i v e  TLC,- The p u r i f i e d  sample was d r ie d  under a
s tre am  of n i t r o g e n  and the  r e s id u e s  were d i l u t e d  w ith  a  1 :1 
m ix tu re  of h e x an e :ch lo ro fo rm  acc o rd in g  to  the  r e s u l t s  of 
p re l im in a ry  TLC to  o b ta in  a p p ro x im a te ly  th e  same o c h ra to x in s  
c o n c e n t r a t io n  o f th e  s t a n d a r d s .  Two, fo u r  and s i x  j i l  o f  th e  
d i l u t e  sample were s p o t t e d  a long  w i th  d u p l ic a te  4 >il a l i q u o t s  
o f  s ta n d a rd  m ix tu re s  o f o c h ra to x in s  A, B, C, and th e  p l a t e s  
were developed as in  the  p re l im in a ry  TLC. The p l a t e s  were 
In sp e c te d  w ith  minimum exposure  to  th e  long wave UV lamp and 
th e  n e c e ssa ry  m arkings were done (a  l i n e  a t  th e  bo ttom  of 
each  s p o t )  t h a t  were r e q u i r e d  f o r  i d e n t i f i c a t i o n  and l o c a t i o n  
o f th e  s p o ts  d u r in g  f lu o ro d e n s i to m e t r ie  m easurem ents. 
F lu o ro d e n s i to m e tr ic  Measurements of O c h ra to x in s . -  The method 
u t i l i z e d  in  t h i s  s tu d y  was the  same method r e p o r te d  by Pons a t  a l . 
(91) and Pons (93) which i s  e s s e n t i a l l y  as fo l lo w s :  About 0 .5  
in ch  o f  th e  l a y e r  was removed from th e  to p  and bottom  edges o f  the  
p l a t e ,  and p r o t e c t i v e  gu ides  were i n s e r t e d  on top  and bottom  
edges of th e  p l a t e  to  p re v e n t  the  g e l  and s p o ts  from s c r a tc h in g  
t h e i r  s u r f a c e .  The p l a t e  g e l  l a y e r  was p lac ed  down over the  long 
wave UV so u rce  on th e  TLC s ta g e  of th e  in s t ru m e n t ,  so t h a t  the  
d i r e c t i o n  o f  th e  scan  was from th e  s p o ts  o f h ig h e r  to  sm a lle r  
R ^-values  o r  from up n e a r  th e  s o lv e n t  f r o n t  downward tow ard th e  
o r i g i n .  The in s tru m e n t  was s e t  by c e n t e r in g  th e  sp o t  o f 
o c h ra to x in  A s ta n d a rd  o f  h ig h e r  c o n c e n t r a t i o n ,  s in c e  th e  r e l a t i v e
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in s tru m e n t  re spo nse  was h ig h e r  fo r  o c h ra to x in  A, Then, a  b la n k  
zone was lo c a te d  on th e  g e l  and th e  m u l t i p l i e r  photom eter was s e t  
a t  maximum a m p l i f i c a t i o n  ( P o s i t io n  3 f o r  Model 520A) and th e  
re c o rd e r  f o r  m i l l i v o l t  o p e ra t io n  in  l i n e a r  resp o n se  mode and a t  
s u i t a b l e  s e n s i t i v y  (25-100 m i l l i v o l t  f o r  Model 4 3 ) .  The ze ro  
ad ju s tm en t knob o f th e  m u l t i p l i e r  was s e t  to  th e  ze ro  p h o to m e tric  
s c a l e ,  and th e  re c o rd e r  pen was a d ju s te d  to  th e  b a se  l i n e  s e t t i n g  
o f 5 ,  u s in g  th e  r e c o r d e r  s e t  a t  z e ro  (Model 4 3 ) .  The s e l e c te d  
o c h ra to x in  A s ta n d a rd  sp o t  was m anually  c e n te re d  over th e  e x i t  s l i t  
o f  the  s e a rc h  u n i t ,  as observed  by th e  maximum re c o r d e r  r e s p o n s e .  
The o c h ra to x in  A s p o t  was r e lo c a t e d  over the  s l i t  and the  s ta g e  
was rocked  m anually  backwards and fo rw a rd s ,  i n  1 an  in c re m e n ts ,  
a long th e  Y -ax is  f o r  a b e t t e r  a lig nm en t o f th e  o th e r  s p o ts  a l s o .
The p l a t e  was locked  in  p la c e ,  and th e  pen a d ju s te d  to  70-80 f u l l  
s c a le  u s in g  s t e p l e s s  s e n s i t i v i t y  c o n t r o l  of th e  range  sw itc h  
(Model 4 3 ) .  When a 0 ,1  x 6 mm e x i t  s l i t  i s  u sed , s l i d e  th e  p l a t e  
l a t e r a l l y  f o r  maximum r e c o r d e r  r e s p o n s e .  Maximum r e c o rd e r  re sp onse  
In su re s  maximum s e n s i t i v i t y  and sym m etrica l p eak s . The s ta g e  was 
rocked  backward to  r e l o c a t e  th e  f i r s t  s p o t  ove r  the  e x i t  s l i t  
( o c h ra to x in  C s ta n d a rd  s p o t )  and a  b la n k  zone j u s t  above 
o c h ra to x in  C s p o t .  At t h i s  p o in t  th e  re c o rd e r  pen sh o u ld  r e t u r n  
to  th e  b a se  l i n e  s e t t i n g  of 5 .  I f  n e c e s s a ry ,  th e  base  shou ld  be 
r e a d j u s t e d .  Then, th e  r e c o r d e r  c h a r t  d r iv e  was tu rn e d  on . The 
au to m atic  I n t e g r a t o r  was s e t  f o r  a  minimus base  l i n e  coun t o f  1 
coun t pe r  10 se co n d s .  The s ta g e  d r iv e  was tu rn e d  on, and th e  
p l a t e  was scanned  from j u s t  above o c h ra to x in  C down th rou gh  
o c h ra to x in  B.
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The scan  was re p e a te d  f o r  the  o th e r  s ta n d a rd  s p o ts  and sample 
sp o ts  when the  samples were m easured . When I t  was n e c e s s a ry ,  th e  
base  l i n e  was a d ju s te d ;  however, the  s e n s i t i v i t y  s c a l e  expansio n  
of th e  r e c o rd e r  was n o t  changed d u r in g  the  scans  on a  g iv en  p l a t e .  
The a r e a  under each  peak was o b ta in e d  by any v a l i d  method; i n  t h i s  
s tu d y ,  th e  a r e a  bound by each  peak was measured by the  a id  of a 
p la n im e te r .  The c o n c e n t r a t io n  of th e  sample was c a l c u l a t e d  as 
fo l lo w s :
(Kx> <CS> (D ) (F) 
i*g o c h ra to x in /k g  sample » -------------------------------  * where
< V  <wx)
2
R * average  re sp o n se  e x p re ssed  in  cm / j i i  o f  sample e x t r a c t  
x s p o t te d
C * c o n c e n t r a t io n  of s ta n d a rd  o c h ra to x in  in  
8
D * sample f i n a l  d i l u t i o n  e x p re sse d  i n  ^il
R -  average  re sp o n se  e x p re s se d  in  cm />il o f s ta n d a rd  o c h ra to x in  
3 s p o t te d
W * w eigh t i n  kg of c o rre sp o n d in g  sample a l i q u o t  ta k e n ,  e . g .  
x 0.0125 kg
F «* c o r r e c t i o n  f a c t o r  o f  th e  t o t a l  (Vp) o f  the  sample 
e x t r a c t  removed f o r  th e  p re l im in a ry  TLC a ssa y  i f  i t  
were r u n .  C o n sequen tly ,
DP .F * ----------  t where
V ■ t o t a l  jx l  o f  sample s p o t te d  f o r  th e  p re l im in a ry  TLC 
e x p re s s e d  in  jul
Dp -  t o t a l  p r e l im in a ry  d i l u t i o n  in  ) i l
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6 .  P r e p a r a t iv e  TLC or C L C The p u r i f i c a t i o n  and f r a c t i o n a t i o n  o f  
o c h ra to x in s  were c a r r i e d  out by p r e p a r a t iv e  TLC on r e g u la r  
20 x 20 cm p l a t e s  o r on channe l l a y e r  p l a t e s .  The s p o ts  b e lon g ing  
to  each  f r a c t i o n  were rec o v e re d  i n d iv i d u a l l y  by s c ra p p in g  th e  g e l  
l a y e r  as recommended by S t o l o f f  (120) f o r  a f l a t o x i n  rec o v e ry  
from TLC p l a t e s  .
a .  P r e p a ra t iv e  TLC on 20 x 20 cm p l a t e s . -  T h is  method i s  s im i l a r  
to  th e  one p r e v io u s ly  d e sc r ib e d  i n  i tem  4 ,  e x ce p t  f o r  the  
s p o t t i n g  and deve lo p ing  te c h n iq u e s .  The s p o t t i n g  of 5 / i l  
was c o n t in u o u s ly  0 .5  cm a p a r t .  A t o t a l  o f  30 to  32 sp o ts  
co u ld  have been  accommodated i n  each  p l a t e .  A f te r  s p o t t i n g  
th e  p l a t e s  were developed  in  two d i f f e r e n t  s o lv e n t  sy s te m s . 
A f te r  th e  p l a t e s  were developed in  a m ix tu re  o f  8 5 :1 2 ,5 :2 .5  
v / v / v  of c h lo ro fo rm :a c e to n e :2 -p ro p a n o l  in  an u n l in e d  
ch rom atograph ic  j a r ,  th e  p l a t e s  were a llow ed  to  d ry  under the  
hood. Then th e  p l a t e s  were developed  in  th e  second s o lv e n t ,  
which was a  m ix tu re  o f 3 5 :2 5 :2 0 :1 9 :1  v / v / v / v / v  of benzene: 
carbon  t e t r a c h l o r i d e : n - b u t a n o l : e th y l  a c e ta t e : f o r m ic  a c id  in  a 
l i n e d  chrom atograph ic  j a r .  A f te r  d e v e lo p in g  and a llo w in g  th e  
p l a t e s  to  d ry ,  th ey  were b r i e f l y  exposed to  a long UV l i g h t  
to  mark, th e  s p o ts  f o r  r e c o v e r y .  The g e l  was lo o sened  around 
th e  marked s p o ts  o f one o c h ra to x in  o r  su s p e c te d  o c h ra to x in  
and th ey  were re c o v e re d  as  s i m i l a r l y  as su g g e s te d  by S t o l o f f  
(120) w i th  a id  o f s u c t i o n .  A l l  th e  s p o ts  of one o c h ra to x in  
were re c o v e re d  and then  i t  was a t tem p ted  to  re c o v e r  th e  
o th e r s  i n  s i m i l a r  m anner. The rec o v e re d  g e l  w i th  e a c h  to x in  
o r  su s p e c te d  to x in  was f u r t h e r  p u r i f i e d  by column
chrom atography on 10 g o f  a c t i v a t e d  F l o r i s i l  as was p re v io u s ly  
d e sc r ib e d  in  i tem  2 , e x c e p t  t h a t  th e  washing o f  the  column 
and e l u t i o n  o f  the  to x in  were c a r r i e d  o u t  w i th  o n e -h a l f  o f 
th e  volume o f  each  s o lv e n t  o r s o lv e n t  m ix tu r e .  The e lu a t e  
was f u r t h e r  p u r i f i e d  by a  hexane-aqueous p a r t i t i o n  d e s c r ib e d  
in  item  7 ,
P re p a r a t iv e  channel l a y e r  chrom atography (CLC).- A CLC p l a t e  
was p rep a red  by w eighing 50 g o f  A d so rb o s i l -1  in  a 250-ml 
b e a k e r  and adding  70 ml of d i s t i l l e d  w a te r  and m ixing i t  
th o ro u g h ly .  A f te r  th e  s l u r r y  became homogenous, i t  was 
poured in to  an a p p l i c a t o r  s e t  a t  0 .2  mm th ic k n e s s ,  and the  
a p p l i c a t o r  was s lo w ly  moved downwards from one end to  the  
o t h e r .  B efore  the  ge l  was poured on to  the  p l a t e ,  a p iece  o f  
aluminum f o i l  which covered  a l l  the  chann e ls  was p lac ed  
u n d e rn ea th  the  bo ttom  and top  edges o f the  p l a t e ,  and the  end 
of th e  f o i l  was fo ld e d  so  as  to  p re v e n t  th e  g e l  from runn ing  
o u t  o f  the  p l a t e  c h a n n e ls .  The p l a t e  was a llow ed to  dry a t  
room tem p era tu re  o v e r n ig h t .  Then, i t  was a c t i v a t e d  a t  110°C 
f o r  5 hours and s to r e d  in  a d e s i c c a t o r .  The CLC p l a t e  was 
s p o t t e d  s low ly  w ith  a 50 o r  100 m ic ro sy r in g e  about 4 cm from 
th e  bo ttom  ed g e . The b e s t  r e s u l t s  were o b ta in e d  when on ly  
50 jH  were s p o t t e d  in  each  c h a n n e l ,  and each  sp o t  was n o t  
over 5 a n  i n  d ia m e te r , The CLC p l a t e s  were developed  in  an 
u n l in e d  tank  w i th  the  d ev e lop in g  s o lv e n t  16-7 (a  m ix tu re  of 
6 9 :1 5 :1 2 :4  v / v / v / v  of b e n z e n e :n - b u ta n o l :e th y l  a c e ta t e : f o r m ic  
a c i d ) .  A f t e r  th e  p l a t e  was d eve loped , s p o ts  were re c o v e re d  
and f u r t h e r  p u r i f i e d  as  p re v io u s ly  d e sc r ib e d  fo r  TLC p l a t e s .
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7 . A c id ic  Aqueous-hexane P a r t i t i o n . -  T I i s  method was used  to
f r a c t i o n a t e  and p u r i fy  o c h ra to x in s  B and C. The o c h ra to x in s  were 
d i s s o lv e d  in  s o lv e n t  15-1 (a  m ix tu re  o f  5 9 :4 0 :1  o f h ex an e :ace to n e :  
form ic a c id )  i f  they  w erenot p r e v io u s ly  d i l u t e d  in  t h i s  s o l v e n t ,  
and t r a n s f e r r e d  i n to  a 500-ml s e p a ra to ry  fu n n e l  by r i n s i n g  w i th  a 
l i t t l e  s o lv e n t  15-1 from a squeeze b o t t l e .  The t o t a l  volume shou ld  
be known or approx im ated , because  d i s t i l l e d  w a te r  i s  added in  th e  
amount e q u iv a le n t  to  one h a l f  o f th e  t o t a l  volume. The m ix tu re  
was tho ro u g h ly  shaken and a llow ed t o  s e p a r a t e .  Then, the  aqueous 
phase was p la c e d  in  a n o th e r  s e p a r a to ry  f u n n e l .  The hexane f r a c t i o n  
was e x t r a c t e d  two more tim es w i th  20 ml s o lv e n t  15-1 p lu s  10 ml of 
w a te r ,  and the  w a te r  f r a c t i o n  was pooled f i r s t  in  th e  s e p a r a to ry  
f u n n e l .  I f  o c h ra to x in  C had been  p r e s e n t ,  i t  would have been in  
the  hexane f r a c t i o n .  T h e re fo re ,  t h i s  f r a c t i o n  was washed once 
w i th  300 ml o f d i s t i l l e d  w a te r .  Then, th e  hexane f r a c t i o n  was 
f i l t e r e d  th ro ugh  anhydrous Na2S0^ i n to  a  round-bo ttom  f l a s k  to  be 
l a t e r  e v a p o ra te d  under re d u c in g  p re s s u re  i n  a  Rinco r o t a t i n g  
e v a p o ra to r  and m ild  h e a t in g  (under 50°C ). O ch ra to x in  B was found 
in  the  aqueous phase and was e x t r a c t e d  w i th  50 , 50, 25 , 25 ml o f  
c h lo ro fo rm  by sh ak in g  v ig o r o u s ly .  The poo led  ch lo ro fo rm  e x t r a c t  
was washed and f i l t e r e d  th ro u g h  anhydrous Na^SO^ i n t o  a  round 
f l a s k  and e v a p o ra te d  s i m i l a r l y  a s  i t  was p re v io u s ly  d e s c r ib e d .
I f  o c h ra to x in  A had been  p r e s e n t ,  i t  would have p a r t i t i o n e d  
a p p ro x im a te ly  75 p e rc e n t  i n  th e  hexane f r a c t i o n  and 25 p e rc e n t  in  
th e  aqueous f r a c t i o n ,  which was e x t r a c t e d  w i th  c h lo ro fo rm .
However, e x t r a c t i o n s  w i th  1 p e rc e n t  c h lo ro fo rm  in  hexane co u ld  
remove as  much as  90 p e rc e n t  o f th e  rem ainder o f o c h ra to x in  A in
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the  aqueous p h a se ,
8 .  C r y s t a l l i z a t i o n  o f O chratox ins  from O rganic S o lv e n ts . -  
O chra to x in  A was c r y s t a l l i z e d  from benzene, whereas o c h ra to x in  B 
from hexane by be ing  p laced  in  th e  f r e e z e r  o v e rn ig h t  o r a t  
r e f r i g e r a t i o n  tem pera tu re  (7°C) f o r  th r e e  d a y s .  The amorphous 
c r y s t a l l i n e  m a te r i a l  was c e n t r i f u g e d  in  a  S e r v a l l  r e f r i g e r a t e d  
c e n t r i f u g e  a t  18,000 rpm f o r  20 m inutes to  remove the  s o lv e n t  by 
d e c a n tin g  a f t e r  c e n t r i f u g a t i o n ,
9 ,  U l t r a v i o l e t  S p e c t r o s c o p y A Beckman Model DB spec trop hom eter  w i th  
a  r e c o rd e r  was u se d .  The in s t ru m e n t  was prewarmed a t  l e a s t  30 
m inutes b e fo re  u s e ,  and two matched s i l i c a  1 c m - l ig h t  p a th  c e l l s  
u t i l i z e d .  A bso lu te  e th a n o l  was used  as th e  s o lv e n t  i n  most c a s e s ,  
e x ce p t  d u r in g  the  s tu d y  of the  UV spectrum  changes o f  o c h ra to x in
A du ring  i t s  r e a c t i o n  w i th  t r i f l u o r o a c e t i c  a c i d .  A f te r  ev ap o ra ­
t i o n  o f the  e x c e ss  r e a g e n t s ,  th e  r e s id u e s  were d i l u t e d  in  
cy c lo h ex an e , and the  UV spectrum  was o b ta in e d .  The sample s p e c t r a  
were measured a g a in s t  th e  pure s o l v e n t .  S tan dard  UV methodology 
and i n t e r p r e t a t i o n  o f  r e s u l t s  were used (3 6 ,1 1 0 ) .
a .  Q u a l i t a t i v e  use of UV s p e c t ro s c o p ic  m ethod .-  T his  method was 
used to  o b ta in  th e  UV s p e c t r a  o f  p u r i f i e d  e x t r a c t s  of 
o c h ra to x in s  A, B and C o r  p resum ptive  to x ic  p u r i f i e d  e x t r a c t s  
to  a id  in  th e  c o n f i rm a t io n  o f  the  p resence  of th e se  to x in s  in  
the  e x t r a c t .  F u r th e rm o re , th e  changes of th e  UV spectrum  of 
o c h ra to x in  A b e o f re  and a f t e r  r e a c t i o n  w i th  t r i f l u o r o a c e t i c  
anhydride  were fo llo w ed  by t h i s  m ethod.
b .  Q u a n t i t a t i v e  UV s p e c t ro p h o to m e try . -  Once the  a b s o rp t io n  
maximum w aveleng th  of each  o c h ra to x in  was d e te rm in ed , the
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abso rbance  of th r e e  d i f f e r e n t  d i l u t i o n s  was measured o f  each  
r e s p e c t iv e  e x t r a c t .  T h is  method was used to  measure the  
o c h ra to x in  B and C c o n c e n t r a t io n  o f p u r i f i e d  e x t r a c t s  by 
m easuring  the  absorbance  in  the  range o f  218*209 mji and 214- 
206 mji, r e s p e c t i v e l y .  By ap p ly in g  th e  Beer-Lam bert e q u a t io n ,  
th e  c o n c e n t r a t io n  was c a l c u l a t e d  as  fo l lo w s:
A * £  Ic
where £  * m olar a b s o r p t iv i t y
1 ■ l i g h t  p a th  i n  cm * 1 cm
c “ c o n c e n t r a t io n  in  moles p e r  l i t e r
The m olar a b s o r p t i v i t i e s  r e p o r te d  by Merwe _et a l .  as 
fo l lo w s :  f o r  o c h ra to x in  B \m a x  218 ( £  °  37200), and fo r
o c h ra to x in  C , X m a x  214 ( £ “ 30000).
10, I n f r a r e d  S p e c tro sc o p y . -  I t  was u t i l i z e d  q u a l i t a t i v e l y  i n  the  
n e g a t iv e  se n se  to  dem on s tra te  t h a t  one su b s ta n c e  was n o t  i d e n t i c a l  
to  a n o th e r ,  because  an e m p e r ic a l  c o r r e l a t i o n  of t h e i r  r e s p e c t iv e  
a b s o rp t io n  bands of t h e i r  r e s p e c t iv e  IR spectrum  showed t h a t  they  
were n o t  i d e n t i c a l  (1 1 0 ,1 2 7 ) .
A prewarmed double-beam Perk in -E lm er IR sp e c tro p h o to m e te r
Model 21 and matched s e a le d  NaCl c e l l s  (0 .1  mm l i g h t  p a th )  were
used . The p u r i f i e d  e x t r a c t s  o f  o c h ra to x in s  and those  of 
p resum ptive  o c h ra to x in s  were d i l u t e d  in  1 ml o f ch lo ro fo rm , and 
th e  IR spectrum  was o b ta in e d  of each  sample a g a in s t  the  pure 
s o l v e n t ,  c h lo ro fo rm . Then, band by band com parisons were made of 
t h e i r  r e s p e c t iv e  IR spec trum .
11. Gas L iq u id  Chromatography (GLC) G L C  was in te n d e d  to  be  used as 
b o th  a c o n f irm a to ry  t e s t  o f o c h ra to x in  A and as a  q u a n t i t a t i v e
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m ethod. P re l im in a ry  t r i a l s  were conducted  to  de te rm ine  the
optimum a n a l y t i c a l  c o n d i t io n s  r e q u i r e d  f o r  th e  o b je c t iv e s  in  mind.
A n a ly t ic a l  c o n d i t io n s  f o r  GLC of o c h ra to x in  A .-  A M icro tek
GLC Model 2000-R was used  w i th  a  dual hydrogen f lam e , dual a l l
g l a s s  column, m od if ied  to  re a c h  th e  i n j e c t i o n  p o r t ,  so as  to  have
an a lm ost a l l  g l a s s  system  from the  i n j e c t i o n  p o in t  to  th e  end o f
th e  colum ns. The colum ns' dim ensions and s p e c i f i c a t i o n s  have
a l r e a d y  b een  s t a t e d  in  the  s e c t io n  "Equipm ent, i tem  15b," The
column was c o n d i t io n e d  a t  two d i f f e r e n t  te m p era tu re s  (225° and 
o
250 C) f o r  18 hours e a c h .
A n a ly t ic a l  c o n d i t io n s  f o r  GLC of o c h ra to x in  A:
a .  Sample s iz e :  0 .5  ;ul (0 .168  ^ig/^il)
b .  S o lven t:  T e tra h y d ro fu ra n
2
c .  A t te n u a t io n :  4 x 10
d . Recorder speed ; 1 in c h /m in .
e .  Programoed column tem p era tu re
1) Tem perature  l i m i t s :  180-250°C
2) H eating  r a t e :  50°C/min.
f .  I n j e c t i o n  p o r t  ( i n l e t )  te m p e ra tu re :  250°C
g .  D e t e c to r s 1 te m p era tu re :  275°C
h .  C a r r i e r  g a s ,  n i t r o g e n :  60 p . s . i , g * ,  r o t ,  4 e a .
(60 m l/m in .)
i .  F u e l ,  hydrogen: 40 p . s . i . g . ,  r o t .  60 e a .
j .  A ir: 40 p . s . i . g . ,  r o t .  1 .2  e a ,
12, Chemical C on firm a tion  by D e r iv a t iv e  F o rm a tio n . -  The purpose  o f  
t h i s  s tu d y  was to  p re p a re  d e r i v a t i v e s  o f  th e  o c h ra to x in s  which 
cou ld  be d e te c t e d  by TLC and which c o u ld  be u t i l i z e d  as  r o u t in e
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c o n f i rm a to ry  t e s t s  fo r  TLC i d e n t i f i c a t i o n  of o c h ra to x in s .  
T h e re fo re ,  the  r e a c t i o n  proposed sho u ld  n o t  e f f e c t  m ajor changes 
in  the  main chromaphore i n  the  o c h ra to x in  m o lecu le ,  so t h a t  i t  
would n o t  lo o se  i t s  f lu o r e s c e n c e .  F u r th e rm o re ,  th e  r e a c t i o n  
sho u ld  be s im ple  and r a p i d .  O ther typ es  of d e r i v a t i v e s ,  t r i ­
m ethy ls  i l y l  e th e r  d e r i v a t i v e s  were a l s o  p re p a re d  f o r  TLC and gas 
l i q u i d  ch rom atograph ic  a n a l y s i s .
Proposed d e r iv a to g r a p h ic  t e s t s  fo r  o c h ra to x in s :
a ,  T r i f l u o r o a c e t i c  an hy d ride  (TFA) d e r i v a t i v e s :
1) An a l i q u o t  o f 1-5 jig o f  o c h ra to x in  was t r a n s f e r r e d  
in to  a 1-dram v i a l ,  and the  s o lv e n t  was ev ap o ra te d  
under a  n i t r o g e n  s tre am  and m ild  h e a t in g .
2) The r e s id u e s  were d i s s o lv e d  in  2 .0  ml of t e t r a -  
h y d ro fu ran  and under th e  hood 0 .5 - 1 .0  ml of
t r i f l u o r o a c e t i c  a c id  was added . Im m edia te ly  a  sm a ll  
m arble was p lac ed  on top  of the  v i a l  f o r  r e f lu x in g  
p u rp o se s .  T r i f l u o r o a c e t i c  anh yd ride  r e a c t s  r e a d i l y  
w i th  th e  m o is tu re  of th e  a i r ;  t h e r e f o r e ,  exposure  to  
a i r  sh o u ld  be b r i e f  and i t  sh o u ld  be t i g h t l y  c lo s e d  
and s t o r e d  in  a  d e s i c c a t o r .
3) The v i a l s  were p lac ed  in  a  p r e v io u s ly  h ea ted  sand 
b a th  a t  75° + 2°C under a  hood f o r  30 to  60 m inutes  
w h ile  r e f l u x i n g .  The v i a l s  were observed  to  d e te c t  
any a b n o rm a li ty .  More s o lv e n t  (THF) was added to  
th o se  t h a t  were n o t ic e d  to  be  d r i e d .
4 ) A f te r  r e a c t i o n ,  th e  v i a l s  were removed from th e  sand 
b a t h ,  and th e  s o lv e n t  and e x ce ss  r e a g e n t  were removed
under a  s t ream  of n i t r o g e n  and m ild  h e a t in g .
5) Then, th e  r e s id u e s  were d i l u t e d  w ith  t e t r a h y d ro f u r a n  to  
o b ta in  th e  same o r i g i n a l  o c h ra to x in  c o n c e n t r a t i o n ,  and 
they  were s p o t t e d  on a TLC p l a t e  w i th  th e  o c h ra to x in  
s t a n d a r d ,
A c e t ic  anhyd rid e  (AA) d e r i v a t i v e s  as proposed by Walbeck c t  a l . 
( 1 3 7 ) . -  The same c o n c e n t r a t io n  o f  o c h ra to x in  (1-5  ug) and a 
s i m i l a r  p rocedure  as  above were u s e d .  However, a f t e r  the 
rem oval o f th e  s o l v e n t ,  0 .2 - 0 .5  ml o f a c e t i c  anh yd ride  was 
used  w i th o u t  any o th e r  s o l v e n t .  R e ac tio n s  were c a r r i e d  out 
a t  room tem p era tu re  as  su g g e s te d  by Walbeek _et _a^, (137) and 
a l s o  a t  75° + 2°C w hile  r e f l u x i n g  as d e sc r ib e d  f o r  the  TFA 
r e a c t i o n .  A f te r  removal of th e  s o lv e n t  and excess  r e a g e n t ,  
th e  r e s id u e s  were d i s s o lv e d  to  the  same o r i g i n a l  volume w ith  
c h lo ro fo rm  and assayed  by TLC. A c e t ic  anhydride  (AA) i s  a l s o  
ve ry  u n s ta b le  to  m o is tu re ;  t h e r e f o r e ,  th e  same p re c a u t io n s  
in  h a n d lin g  TFA were taken  w ith  AA.
T r i f l u o r o a c e t i c  a c id  d e r i v a t i v e s . -  Both v a r i a t i o n s  p re v io u s ly  
d e sc r ib e d  were u t i l i z e d  w i th  th e  same c o n c e n t r a t io n  o f  
o c h ra to x in .  F u r th e rm o re ,  p y r id in e  was a l s o  used  as the  
s o lv e n t  in  th e  r e a c t i o n  i n  a  s e p a r a te  a s s a y .  TLC was used  to  
d e te c t  th e  d e r i v a t i v e .
T r im e t h y l s i l y l  e th e r  d e r i v a t i v e s  o f  o c h r a t o x in s , -  The 
te c h n iq u e s  used  in  t h i s  s tu d y  were tho se  r e p o r t e d  by Sweely 
e t  a l ,  (1 2 6 ) ,  and B i rk o fe r  and R i t t e r  ( 9 ) .  The p roced u re  
c o n s i s t e d  e s s e n t i a l l y  o f c o n d i t io n in g  th e  column by I n j e c t i n g  
s i l y l - 8  u n t i l  a l l  s t r a n g e  peaks d is a p p e a re d .  As f a r  as the
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r e a c t i o n s ,  they  were conducted  in  d u p l i c a t e ,  f o r  each  r e a g e n t .
A l iq u o ts  of 16 .8  ug o f o c h ra to x in  A (1 ml of s ta n d a rd
s o l u t io n  in  CHCl^) were each  t r a n s f e r r e d  to  v i a l s  1 , 2 ,  3 , 4 ,
3 ,  and 6 .  A f te r  removing the  s o lv e n t  under n i t r o g e n  s t re a m ,
th e  s i l y l a t i n g  re a g e n ts  were added as fo llo w s:
V ia l s  1 and 2: 0 .3  ml of h e x a m e th y ld is i la n e
V ia ls  3 and 4: 0 .3  ml o f t r im e th y lc h lo r o s i l a z a n e
V ia ls  5 and 6: 0 .2  ml o f h e x a m e th y ld is i la n e  and
0 .1  ml of t r im e th y lc h lo r o s i l a z a n e
V ia ls  1 ,  3 and 3 were a llow ed  to  r e a c t  a t  room tem pera tu re
and v i a l s  2 , 4  and 6 were p la c e d  in  a sand b a th  a t  75° + 2°C,
and a  m arble was p lac ed  on to p  of each  v i a l  fo r  r e f l u x i n g .  An
a l i q u o t  o f  1 u l  each  was ana lyzed  by gas chrom atography a f t e r
30 m in u te s ,  60 m in u te s ,  and 120 m in u te s .  V ia ls  1 , 3 ,  and 3,
which were run  a t  room te m p e ra tu re ,  were a llow ed to  r e a c t
o v e rn ig h t  and then  i n j e c t e d  i n t o  the  GLC. The same a n a l y t i c a l
c o n d i t io n s  a l r e a d y  d e s c r ib e d  were u se d ,  ex ce p t  t h a t  th e
tem pera tu re  programming was from 130-230°C and the  h e a t in g  
o
r a t e  was 30 C pe r  m in u te .  The samples were a l s o  a ssayed  by 
TLC.
13 . M ic ro b io lo g ic a l  M ethods:
a .  M yco log ica l te c h n iq u e s :
1) Source of the  mold c u l t u r e s  o f A s p e rg i l lu s  ochraceous W ilh .-  
C u l tu re s  No. 1 , 2 ,  3 ,  4 ,  3 ,  6 and 7 i s o l a t e d  from red  
pepper and c u l t u r e  No. 8 ,  i s o l a t e d  from E th io p a  s o i l  were 
k in d ly  fu rn i s h e d  by Dr. C. M, C h r i s te n s e n ,  P ro fe s s o r  of 
P la n t  P a th o lo g y , U n iv e r s i ty  o f  M inneso ta .  C u l tu re
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QM 5828 was k in d ly  fu rn is h e d  by th e  U.S. Army N atick  
L a b o r a to r i e s ,  N a t ic k ,  M a ss a c h u se t ts .  C u l tu re  NRRL 3174 
was k in d ly  f u r n i s h e d  by Sou thern  Regional R esearch  
L a b o r a to r i e s ,  U .S .D .A ., New O r le a n s ,  L o u is ia n a  70119.
2) Mycol. Medium No. 1 (a u to c la v e d  c o r n ) , -  T h i r ty  ml of
s t e r i l e  d i s t i l l e d  w a te r  was added to  a P e t r i  d is h
c o n ta in in g  50 g o f a u to c la v e d  corn  and in o c u la te d  w i th
th e  mold c u l t u r e ,  which was under s tu d y  fo r  o c h ra to x in
p ro d u c t io n .  A f te r  i n o c u l a t i o n ,  the  c u l t u r e s  were 
o
in c u b a te d  a t  26 C f o r  8 days; th e n ,  th e  c u l t u r e s  were 
e x t r a c t e d  and th e  e x t r a c t s  p u r i f i e d  by column chroma­
tography  on F l o r i s i l  and the  p u r i f i e d  samples were assayed  
by TLC as p re v io u s ly  d e s c r ib e d ,
3) Mycol. Medium No. 2 (a u to c la v e d  shredded  w h e a t ) . -  The
c u l t u r e s  were grown in  P e t r i  d is h e s  and a l s o  on 500-ml
Erlenm eyer f l a s k s  u s in g  a  c o t to n  p lug  or a t i g h t  s e a l  o f
aluminum f o i l .  Twenty f i v e  grams o f shredded  wheat was
p lac ed  in  each  500-ml E rlenm eyer f l a s k ,  and 20 ml of
s t e r i l e  d i s t i l l e d  w a te r  were added to  each  f l a s k .  Then,
w i th  th e  a id  o f an in o c u la t in g  n e e d le ,  the  f l a s k s  were
in o c u la te d  w ith  mold sp o re s  as  reconsnended by S c h in d le r
o
and Ncshein (1 0 4 ) .  The c u l t u r e s  were in c u b a te d  a t  26 C 
f o r  21 d a y s .  The c u l t u r e s  were then  e x t r a c t e d ,  and the  
e x t r a c t s  were p u r f l e d  and an a ly zed  by TLC. Two p u r i f i e d  
c u l t u r e  e x t r a c t s  ( c u l tu r e  No. 1 and QM 5828) were f u r t h e r  
p u r i f i e d  by b o th  pH -ad ju s ted  and a c id  hexane p a r t i t i o n s ,  
f r a c t i o n a t e d  by channel l a y e r  and rec o v ere d  from the
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p l a t e s  as p re v io u s ly  d e s c r ib e d .  The p u r i f i e d  e x t r a c t s  
were ana lyzed  by TLC, and the  TLC r e s u l t s  were confirm ed 
v y th e  t r i f l u o r o a c e t i c  a c id  d e r iv a to g r a p h ic  method and by 
m ic ro b io lo g ic a l  a ssay  u s in g  B. c e reu s  mycoides as  the  t e s t  
o rgan ism . The c u l t u r e  1-B f r a c t i o n  was f u r t h e r  p u r i f i e d  
by column chrom atography tw ic e ,  one tim e u s in g  on ly  
F l o r i s i l  chrom atography as  p re v io u s ly  d e sc r ib e d  and the  
o th e r  by m ixing 1 g o f  a c t iv a t e d  carbon  w ith  the  upper 
h a l f  o f the  F l o r i s i l  p ack in g . T his e lu a t e  was f u r t h e r  
p u r i f i e d  by a c id  hexane p a r t i t i o n ,  and then  th e  concen­
t r a t e d  p u r i f i e d  e x t r a c t  was c r y s t a l l i z e d  from hexane. 
F u r th e r  c o n f i rm a t io n  o f th e se  amorphous c r y s t a l s  was 
conducted  by the  chem ical d e r iv a to g ra p h ic  method and 
m ic r o b io lo g ic a l  a s s a y .  The r e s u l t s  o f  th e se  t e s t s  were 
a l s o  s u b s t a n t i a t e d  by m easuring  the  u l t r a v i o l e t  and 
i n f r a r e d  s p e c t r a ,  and compared w i th  th o se  of th e  s t a n d a r d s ,
b .  M ic ro b io lo g ic a l  a ssay ;
1) Source o f t e s t  o rg a n is m s .-  B a c i l l u s  m egaterium NRRL B-1378
was k in d ly  f u r n i s h e d  by th e  N o rth e rn  R eg ional R esearch
L ab o ra to ry  o f th e  U .S .D .A ., P e o r ia ,  I l l i n o i s  61604,
In c u b a t io n  tem p e ra tu re  was a t  35-36°C. S a rc in a  l u t e a
ATCC No. 941. In c u b a t io n  tem p era tu re  was 26°C. B a c i l lu s
c e reu s  mycoides s t r a i n  LSU which was i s o l a t e d  from the
ATCC No, 9634 c u l t u r e  as s p e c i a l  c o lo n ie s  which were very
s e n s i t i v e  t o  c h l o r o t e t r a c y c l i n e .  The In c u b a t io n  tem pera- 
o
t u r e  was 30-33 C. T h is  c u l t u r e  was k in d ly  fu rn is h e d  by 
th e  Feed and F e r t i l i z e r  L a b o ra to ry ,  L o u is ia n a  S t a te
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U n iv e r s i ty ,  Baton Rouge, L o u is ia n a  70803.
2) M ed ia ,-  They were a l r e a d y  s p e c i f i e d  as DIFCO A n t ib io t i c  
Medium 1 and DIFCO A n t i b io t i c  Medium 2 ,
3) P re p a ra t io n  o f i n o c u l a . -  The inoculum  of Ji, megaterium  
NRRL B-1378 was p rep a red  as recommended by Clements (27) 
u s in g  A n t i b io t i c  Medium 1 in s t e a d  o f C lem ents ' medium A 
and a  2000-ml E rlenm eyer in s t e a d  o f Roux b o t t l e  c u l t u r e .  
A f te r  16 days o f in c u b a t io n  a t  36°C, the  sp o re s  were 
h a rv e s te d ,  washed, and th e  f i n a l  Inoculum c o n c e n t r a t io n  
o b ta in e d  so t h a t  1% was s u f f i c i e n t  to  seed  the  agar  and 
g iv e  good growth and d i s t i n c t  i n h i b i t i o n  zones by a c tu a l  
t r i a l  w i th  2-4 jig  o f  o c h ra to x in  A as su g g e s te d  by 
Clements ( 2 5 ,2 7 ) .
The in o c u la  of S a rc in a  l u t e a . Micrococcus f l a v u s , and 
B a c i l l u s  c e reu s  mycoides were p rep a red  as recommended fo r  
the  m ic r o b io lo g ic a l  a s sa y  of p e n i c i l l i n ,  b a c i t r a c i n ,  and 
c h i o r t e t r a c y c l i n e ,  r e s p e c t i v e l y ,  by the  O f f i c i a l  Methods 
of A n a ly s is  ( 7 ) .  In  ev ery  c a s e ,  2000-ml E rlenm eyer f l a s k s  
were u t i l i z e d  in s t e a d  o f  Roux b o t t l e s  f o r  c u l t u r in g  these  
o rgan ism s . F u r th e rm o re ,  th e  f i n a l  inoculum c o n c e n t r a t io n  
o f B. c e reu s  mycoides was a  sp o re  su sp en s io n  o f which 1;20 
d i l u t i o n  w ith  s t e r i l e  d i s t i l l e d  w a te r  gave 67 p e rc e n t  
t r a n s m i t ta n c e  a t  655 u s in g  a  1 cm d iam ete r  c u v e t te  and 
a Bausch-Lomb S p e c tro n ic  2 0 .
4 ) B io a s s a y s . -  The b io a s s a y s  were conducted  fo l lo w in g  a 
s i m i l a r  p rocedure  as  recommended by Clements (27) fo r  
a f l a t o x i n B ^ .  The f i l t e r  paper d i s c s  were 1 /4"  s i z e .
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custom made from Whatman f i l t e r  paper No, 2 ,  and
o
s t e r i l i z e d  a t  90 C o v e rn ig h t  i n  an oven. Both Medium 1 
and Medium 2 were u s e d .  One p e rc e n t  Inoculum c o n c e n tra ­
t i o n  was used  to  seed  the  m elted  medium. A f te r  thorough  
m ix ing , 4-m l o f seeded  agar  was t r a n s f e r r e d  to  a p l a s t i c  
P e t r i  d i s h ,  and was im m edia te ly  un ifo rm ly  d i s t r i b u t e d  over 
th e  e n t i r e  s u r f a c e  o f  the  p l a t e  by f i r s t  u s in g  a  s l i g h t  
h o r i z o n ta l  sh ak in g  m otion  and then  a r o t a t i n g  m o tion .
Three o r  fo u r  p l a t e s  were used fo r  the  a ssa y  o f  each  
sam ple . A f te r  th e  ag a r  s u r f a c e  ha rdened , th e  s i x  
p re v io u s ly  in o c u la te d  and d r i e d  f i l t e r  paper d i s c s  were 
p lac ed  ( in o c u la te d  s id e  down) on th e  s u r f a c e  o f  the  a g a r .  
Four f i l t e r  paper d i s c s  were i n o c u la t e d  w i th  two d i f f e r e n t  
c o n c e n t r a t io n s  o f th e  samples e x t r a c t e d  under a s s a y .  The 
o th e r  two f i l t e r  paper d is c s  ( s o lv e n t  b la n k s )  were 
in o c u la te d  w i th  th e  same amounts o f s o l v e n t .  Then, they  
were a llow ed  to  dry fo r  a t  l e a s t  15 m in u te s .  F i n a l l y ,  
a f t e r  th e  p l a t e s  were in c u b a te d  o v e rn ig h t  a t  th e  tem pera­
t u r e  recommended f o r  each  m icroorgan ism , the d ia m e te r  o f  
th e  i n h i b i t i o n  zones were measured (mm) m anually  by the  
a id  o f a  c a l i p e r .
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D. Experim ents
1 .  S tandard  R ecovery . -  A f te r  p re l im in a ry  t r i a l s ,  fo u r  25 g sam ples o f  
c o rn  were sp ik e d  w i th  1 ,0  ml of a  s ta n d a rd  m ix tu re  o f o c h ra to x in s  
A, B and C c o n ta in in g  a t o t a l  o f 2 5 ,5 ,  3 6 ,5  and 61 ,6  ^*g, 
r e s p e c t i v e l y .  D u p lica te  samples were e x t r a c t e d  w i th  ch lo ro fo rm , 
p u r i f i e d  by column chrom atography on F l o r i s i l  and f u r t h e r  c le an e d  
by pH -ad jus ted  hexane p a r t i t i o n .  For com parison of the  p e rc e n t  
s ta n d a rd  r e c o v e ry ,  d u p l i c a t e  sam ples were e x t r a c t e d  w i th  55 
p e rc e n t  aqueous m ethanol and p u r i f i e d  by column chrom atography on 
C e l i t e  545 by fo l lo w in g  th e  Hand and S c o t t  (106) m ethod. The 
p u r i f i e d  e x t r a c t s  were d i s s o lv e d  and an a ly zed  by q u a l i t a t i v e  and 
q u a n t i t a t i v e  TLC as p re v io u s ly  d e s c r ib e d .  The f lu o re s c e n c e  
i n t e n s i t i e s  o f  th e  re c o v e re d  s p o ts  were m easured by th e  v i s u a l  
method a g a i n s t  s t a n d a rd  s p o ts  s i m i l a r l y  as  recommended by th e  
o f f i c i a l  method f o r  a f l a t o x i n s  (1 9 ) .
2 .  F lu o ro d e n s i to m e tr ic  M e a s u r e m e n t s Two s t u d i e s  were c o n d u c ted , 
one w i th  s ta n d a rd  o c h ra to x in  A a lo n e  whose c o n c e n t r a t io n  was 16.8 
jug/ml and the  o th e r  w i th  a s ta n d a rd  m ix tu re  o f o c h ra to x in s  A, B 
and C whose c o n c e n t r a t io n  was 2 5 .5 ,  3 6 .5 ,  and 6 1 .6  j ig /m l,  
r e s p e c t i v e l y .  Both ex perim en ts  were s e t  up as random ized b lo ck  
d e s ig n s ,  in  which 8 d i f f e r e n t  c o n c e n t r a t io n s  were s p o t t e d  
r e p e a t i v e l y  in  s i x  d i f f e r e n t  TLC p l a t e s  chosen  a t  random, so t h a t  
each  TLC p l a t e  (which would be our b lo c k )  had each  one o f  th e  8 
c o n c e n t r a t i o n s .  A f te r  deve lop in g  th e  TLC p l a t e s  w i th  th e  same 
s o lv e n t  and under i d e n t i c a l  c o n d i t i o n s ,  ( d e s c r ib e d  in  a n a l y t i c a l  
m e th o d s) ,  th e  f lu o re s c e n c e  of the  s p o ts  was m easured d i r e c t l y  on 
th e  p l a t e  by th e  f lu o r o d e n s i to m e t r ic  te c h n iq u e  p re v io u s ly
d e s c r ib e d .  The a re a s  bound by the  peaks were measured by the a id  
of a  p la n im c te r ,  and the  t a b u la te d  r e s u l t s  were s t a t i s t i c a l l y  
ana lyzed  w ith  the  a id  of an IBM Model 320 com puter, programmed fo r  
s t e p  up r e g r e s s io n  a n a ly s e s .  In  a d d i t i o n ,  s t a t i s t i c a l  a n a ly se s  
were perform ed by the random ized b lo c k  m ethod, and the  r e l a t i o n ­
s h ip s  between the  v a r i a b l e s  ( a r e a  vs c o n c e n t r a t io n )  were a s s e s s e d .  
F u r th e r  s t a t i s t i c a l  a n a ly s i s  o f th e  d a ta  was perform ed to  
de te rm ine  th e  range  o f working c o n c e n t r a t io n s  which minim ize the  
e x p e r im e n ta l  e r r o r  ( c o e f f i c i e n t  o f  v a r i a t i o n ) . S t a t i s t i c a l  
a n a ly s i s  were perform ed acc o rd in g  to  Snedecor (1 1 3 ) ,
S tan d ard  Recovery from Three D i f f e r e n t  Food Commodities 
D u p l ic a te  25-g  sam ples of Capsicum p e p p e r ,  b a r l e y  and g ree n  c o f fe e  
beans were s p ik e d  w i th  1 2 .7 5 , 1 8 .2 5 ,  and 30 ,8  o f  s ta n d a rd  
o c h ra to x in  A, B and C, The sam ples were e x t r a c t e d ,  p u r i f i e d  by 
F l o r i s i l  column chrom atography and p H -a d ju s ted  hexane p a r t i t i o n ,  
a n a ly zed  by TLC, measured by th e  f l u o r o d e n s i to m e t r ic  t e c h n iq u e ,  
the  a r e a  under th e  peak computed, and the  c o n c e n t r a t io n  
c a l c u l a t e d  by th e  methods p re v io u s ly  d e s c r ib e d .  The p e rc e n t  
r e c o v e ry  of each  o c h ra to x in  was c a l c u l a t e d  f o r  each  com nodity . 
Chemical D e r iv a to g ra p h ic  C o n f i rm a t io n . -  The methodology has 
p re v io u s ly  been  d e s c r ib e d  fo r  b o th  th e  t r i f l u o r o a c e t i c  anhydride  
(TFA) d e r i v a t i v e  and a c e t i c  anh yd ride  (AA) d e r i v a t i v e  tec h n iq u e s  
which were pursued  f u r t h e r .
q  Q
a .  Tem perature  e f f e c t . -  Four te m p e ra tu re s  were chosen , 25 , 50 , 
o o75 , and 100 C and a l l  o th e r  r e a c t i o n  pa ram ete rs  were k ep t  
c o n s t a n t .  This experim en t was conducted  by u s ing  b o th  TFA 
and AA t e c h n iq u e s .
S o lv en t  e f f e c t . -  S ix  s o lv e n ts  v a ry in g  in  p o l a r i t y ,  in c lu d in g  
t r i f l u o r o a c e t i c  a n h y d r id e ,  p y r id in e ,  t e t r a h y d r o f u r a n ,  c h lo ro ­
form, d i e t h y l  e t h e r ,  and benzene were s tu d ie d  as they  a f f e c t e d  
the  t r i f l u o r o a c e t i c  anhydride  r e a c t i o n  w ith  o c h ra to x in  A.
The r e a c t i o n s  were conducted  a t  75°C fo r  30 m in u te s ,  and a l l  
th e  o th e r  p a ra m e te rs ,  e x ce p t  th e  type  o f s o l v e n t ,  were 
c o n s t a n t .
E f f e c t  o f  the  amount o f  w a te r  in  t e t r a h y d r o f u r a n  (THF).- The
e f f e c t  o f the  amount o f  w a te r  i n  THF in  t t e  TFA d e r i v a t i v e
fo rm a tio n  was s tu d ie d  w i th  th e  fo l lo w in g  w a te r  c o n c e n t r a t io n s ;
0, 0 .5 ,  1 , 2 and 4 p e r c e n t .  The r e a c t i o n  was conducted  a t  
o
75 C f o r  60 m inu tes  and a l l  o th e r  p a ram ete rs  were k e p t  
c o n s t a n t .
E f f e c t  o f  th e  a d d i t i o n  of more s o lv e n t  (THF) d u r in g  th e
r e a c t i o n . -  Four v i a l s  c o n ta in in g  the  same amount o f  o c h ra to x in
A (1 .6 8  ^ig) were s t a r t e d  w i th  0 .5  ml of THF and 0 .5  ml of TFA
o
and p lac ed  to  r e a c t  a t  75 C w h ile  r e f l u x i n g  fo r  30 m in u te s ;
then  1 ml o f  THF each  was added to  two v i a l s  and then
re f lu x e d  a t  the  same tem p era tu re  fo r  30 m in u te s .  The r e a c t i o n
was fo llo w ed  by changes in  th e  UV s p e c t r a  as  th e  r e a c t i o n
p ro g re s s e d .  These s p e c t r a  were compared w i th  the  spectrum  of
an eq u a l c o n c e n t r a t io n  o f  s ta n d a rd  o c h ra to x in  A.
Comparisons between TFA and AA d e r i v a t i v e s  o f o c h ra to x in s  A,
B and C .-  D u p l ic a te  v i a l s  c o n ta in in g  p u r i f i e d  e x t r a c t s  from
sp ik e d  sam ples o f  o c h ra to x in s  were r e a c t e d  w i th  each  r e a g e n t
(TFA and AA), and th e  r e a c t i o n s  were conducted  a t  room
o
tem p e ra tu re  and a t  75 C f o r  60 m in u te s .
f .  TFA d e r iv a to g r a p h ic  c o n f i rm a t io n  m ethod .-  This method was 
used  w i th  p u r i f i e d  moldy e x t r a c t s .  In  one case  a p u r i f i e d  
moldy e x t r a c t  was su sp e c te d  o f c o n ta in in g  o c h ra to x in  A and B. 
These e x t r a c t s  were r e a c te d  w i th  TFA w ith o u t  f r a c t i o n a t i o n  o f  
th e se  two o c h r a to x in s .
M ic ro b io lo g ic a l  A ssay . -  The methodology has p re v io u s ly  been 
d e s c r ib e d  fo r  b o th  u s in g  B a c i l l u s  c e re u s  mycoides and B a c i l lu s  
m egaterium  as the  t e s t  o rgan ism ,
a .  Comparison of growth i n h i b i t i o n  r e s p o n s e . -  I t  in c lu d e d  two 
c o n c e n t r a t io n s  o f  o c h ra to x in s  A and B and the  co rre sp o n d in g  
s o lv e n t  b la n k s .  Three P e t r i  d ish e s  were u t i l i z e d  f o r  each  
t e s t  o rgan ism .
b .  S tan d ard  o c h ra to x in  A c u r v e . -  T his  s tu d y  was conducted  to  
a s s e s s  how th e  growth i n h i b i t i o n  resp o n se  o f  ]3. c e re u s  mycoides 
was a f f e c t e d  by fo u r  e q u a l ly - s p a c e d  c o n c e n t r a t io n s  o f  
o c h ra to x in  A (1 .6 8 ,  3 .3 6 ,  5 .0 4 ,  and 6 .72 ^*g) . Four P e t r i  
d i s h e s  were u t i l i z e d .
c .  I n h i b i t i o n  by p u r i f i e d  c u l t u r e  e x t r a c t s . -  D i f f e r e n t  p u r i f i e d  
c u l t u r e  e x t r a c t s  and pigments were t e s t e d  u s in g  B , c e reu s  
mycoides as  th e  t e s t  o rgan ism .
d . The t o x i c i t y  o f  ochra tox in-T FA  d e r i v a t i v e . -  I t  was compared 
w i th  th e  t o x i c i t y  o f o c h ra to x in  A to  B a c i l l u s  c e re u s  m ycoides. 
u s in g  th e  growth i n h i b i t i o n  zone as  the  c r i t e r i u m .
RESULTS AND DISCUSSION
The a n a l y t i c a l  problems in  m ycotoxin r e s e a r c h  r e p o r te d  in  the  
l i t e r a t u r e  ( 3 8 ,4 6 ,4 9 ,5 6 ,6 0 ) ,  and e s p e c i a l l y  th o se  problems on 
o c h ra to x in s  which were emphasized a t  b o th  the  1967 and 1968 annual 
m eetings of th e  A s s o c ia t io n  of O f f i c i a l  A n a ly t ic a l  Chemists (3 8 ,7 8 ,  
7 9 ) ,  may be approached by f i r s t  so lv in g  the  problems of o c h ra to x in  
d e t e c t i o n .  Then, th e  problem of o c h ra to x in  e x t r a c t i o n ,  p u r i f i c a t i o n ,  
m easurem ent, and c o n f i rm a t io n  may be a t t a c k e d .
P re l im in a ry  t e s t s  on s c re e n in g  methods o f  d e te c t io n  of 
o c h ra to x in s  and a f l a to x i n s  i n d ic a t e d  t h a t  a  very  t h i n  l a y e r  of s i l i c a  
g e l  on a m ic ro scop ic  s l i d e  cou ld  be adap ted  f o r  q u a l i t a t i v e  d e te c t io n  
of m yco tox ins , p ro v id ed  a  s u i t a b l e  d e v e lo p in g  s o lv e n t  o r  s o lv e n t  
m ix tu re  cou ld  be found . T h is  TLC tech n iq u e  u s in g  d ip -c o a te d  
m ic ro sco p ic  s l i d e s  was d e sc r ib e d  by P e r i f e r  (83) and used by S ta n le y  
(114) and F e h r in g e r  and Ogger (41) f o r  a n a ly s in g  p e s t i c i d e s .  The 
s e l e c t i o n  o f th e  s o lv e n t  and s o lv e n t  system  f o r  TLC d e te rm in a t io n s  i s  
c a r r i e d  ou t in  an e m p ir ic a l  manner by t r i a l  and e r r o r .  However, a  
c h a r a c t e r i s t i c  of the  s o lv e n t  which can be r e l a t e d  to  i t s  perform ance 
i s  d e s i r a b l e .
S ince th e  R ^-values o f  compounds r e s o lv e d  by TLC a re  m ain ly  
r e l a t e d  to  th e  d i e l e c t r i c  c o n s ta n t  o f  the  s o lv e n t  system , among o th e r  
f a c t o r s ,  the  average  d i e l e c t r i c  c o n s ta n t  o f  the  s o lv e n t  system  was 
used  as the  main c r i t c r i u m  f o r  com parison of the  perform ance of 
d i f f e r e n t  sy s te m s . S e v e ra l  p o la r  and n o n -p o la r  s o lv e n ts  and s o lv e n t  
system s were t r i e d  to  de term ine  the  range  o f m ig ra t io n  and r e s o l u t i o n
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of the  d i f f e r e n t  mycotoxin s p o ts  b o th  on d ip -c o a te d  m ic ro sco p ic  s l i d e s  
and on 20 x 20 cm TLC p l a t e s .  O ther f e a t u r e s  o f  the  s o lv e n t  systems 
were a l s o  c o n s id e re d  in  t h e i r  s e l e c t i o n .
The develop ing  s o lv e n t  12-4 (5 0 :3 3 :1 5 :2  v / v / v / v  m ix tu re  of 
b e n z e n e ;e th y l  a c e ta t e :n - b u ta n o l : f o r m ic  a c id )  o f  a  c a l c u l a t e d  average  
d i e l e c t r i c  c o n s ta n t  of 6 ,84 was the  b e s t  d eve lop ing  s o lv e n t  f o r  TLC 
on m icro sco p ic  s l i d e s  of over 30 s o lv e n t  system s t r i e d .  The s p o t s ,  
o c h ra to x in s  A, B and C, and a f l a t o x i n  B^, n o t  only  were w e ll  r e s o lv e d  
(R ^-values 0 .7 1 ,  0 ,6 3 ,  0 ,8 0 ,  and 0 .4 4 ) ,  b u t  were a ls o  v e ry  d i s t i n c t  
and b r i g h t  under the  UV l i g h t .  F u r th e rm o re ,  th e  r e p e a t a b i l i t y  o f th e  
R ^-value  of the  same m ycotoxins f o r  d i f f e r e n t  a n a ly s i s  under i d e n t i c a l  
c o n d i t io n s  was s u r p r i s i n g l y  h igh  as m easured by th e  c a l c u l a t e d  
c o e f f i c i e n t  o f v a r i a t i o n .  C o e f f i c i e n t  o f v a r i a t i o n s  o f  1 ,4 ,  3 .1 ,  3 .9 ,  
and 2 ,3  p e rc e n t  f o r  o c h ra to x in s  A, B, C and a f l a t o x i n s  B^, 
r e s p e c t i v e l y ,  were o b ta in e d  fo r  10 s u c c e s s iv e  d e te rm in a t io n s ,  A 
s i m i l a r  p r e c i s io n  was r e p o r t e d  by S ta n le y  (114) i n  a  s tu d y  o f  31 
d i f f e r e n t  organophosphorus p e s t i c i d e s .
I n  a d d i t i o n ,  the  r a p i d i t y ,  s e n s i t i v i t y ,  and economy o f  s o lv e n t  
and time in v o lv ed  f o r  TLC a n a ly s i s  by t h i s  tech n iq u e  d ese rv e  to  be 
m entioned . Only 5 m inutes o r l e s s  o f dev e lop in g  time and 20 ml o f  
deve lop ing  s o lv e n t  a r e  r e q u i r e d .  The s e n s i t i v i t y  l e v e l  ach iev ed  w i th  
th e  TLC a n a ly s i s  of o c h ra to x in s  on d ip - c o a te d  m ic ro sc o p ic  s l i d e s  was 
e s t im a te d  to  be abou t double o f t h a t  on r e g u la r  20 x 20 cm TLC p l a t e s .  
The TLC a n a ly s i s  of o c h ra to x in s  on d ip -c o a te d  m ic ro sc o p ic  s l i d e s  were 
u t i l i z e d  th ro ugh ou t t h i s  I n v e s t i g a t i o n  as  an q u a l i t a t i v e  s c re e n in g  
method and in  some c a se s  in  p re l im in a ry  TLC a n a l y s i s .
The deve lop ing  s o lv e n t  used f o r  TLC a n a ly s i s  on 20 x 20 cm
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p l a t e s  was the s o lv e n t  system  17-6 (6 9 :1 5 :1 2 :4  v / v / v / v  m ix tu re  of 
b e n z e n e :n - b u ta n o l :e th y l  a c e ta t e : f o r m ic  a c id )  o f a c a l c u l a t e d  average  
d i e l e c t r i c  c o n s ta n t  o f  6 .8 9 ,  The o c h ra to x in  sp o ts  were w e l l - r e s o lv e d *  
w e l l  shaped (n o t s p r e a d in g ) ,  d i s t i n c t  and b r i g h t  under the  UV l ig h t*  
as can  be ev idenced  by o b se rv in g  P la te  1 . Most q u a l i t a t i v e  and a l l  
q u a n t i t a t i v e  TLC a n a ly se s  were conducted  on 20 x 20 cm p l a t e s  u s in g  a 
l a y e r  o f  0 ,5  mm th ic k n e s s  o f A d so rb o s i l-1  as the  a d s o rb e n t .  Pons (93) 
found more c o n s i s t e n t  r e s u l t s  in  TLC q u a n t i t a t i v e  measurements when 
A d s o rb o s i l -1  was used as the  a d s o rb e n t .
Some d i f f i c u l t i e s  were f i r s t  e n co u n te red  w ith  th e  e x i s t i n g  
e x t r a c t i o n  and p u r i f i c a t i o n  p rocedu res  o f o c h ra to x in s .  In  
p r e l i n i n a r y  t r i a l s ,  i n c o n s i s t e n t  s t a n d a rd  r e c o v e r i e s  were o b ta in e d  w i th  
th e  method of S c o t t  and Hand (1 0 6 ) ,  T h is  p rocedure  i s  e s s e n t i a l l y  th e  
same as th e  method p roposed  fo r  a f l a t o x i n s  by Neshelm (7 6 ) ,  and 
adop ted  as o f f i c i a l ,  f i r s t  a c t io n  by the  A s s o c ia t io n  o f  O f f i c i a l  
A n a ly t ic a l  Chem ists (1 9 ) .  E a r ly  d i f f i c u l t i e s  in  a f l a t o x l n  r e c o v e r i e s  
w i th  t h i s  method were r e p o r t e d  by S t o l o f f  e t  a l , (119) who found t h a t  
a f l a t o x i n  r e c o v e r i e s  v a r i e d  from 0 to  100 p e r c e n t .
The problem of the  in c o n s is te n c y  o f t h i s  method w ith  o c h ra to x in s  
was pursued f u r t h e r  by  e x t r a c t i n g  th r e e  25 -g  sam ples of c o rn .  Each 
sample was sp ik e d  w i th  16.8  jug o f o c h ra to x in  A a t  th e  th r e e  d i f f e r e n t  
s t e p s  o f th e  p ro c e d u re .  I t  was found t h a t  most of the  poor rec o v e ry  
of the  s ta n d a rd  c o u ld  be a t t r i b u t e d  m ain ly  to  the  e x t r a c t i o n  
p rocedure  a n d /o r  th e  e x t r a c t i o n  s o lv e n t  (55 p e rc e n t  aqueous m e th a n o l) .  
These f in d in g s  prompted th e  i n v e s t i g a t i o n  o f o th e r  ad so rb en t  
m a te r i a l s  as su p p o r ts  f o r  column chrom atography so t h a t  o th e r  
e x t r a c t i n g  s o lv e n ts  c o u ld  be  u se d .
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P la te  1: Photograph  o f  a TLC p l a t e  showing d i f f e r e n t  c o n c e n tr a t io n s
of th e  s ta n d a rd  m ix tu re  o f o c h ra to x in s  A, B and C. Spots 1 , 
2 ,  3 , 4 ,  5 , 6 ,  7 and 8 i n d i c a t e  2 ,  4 ,  5 ,  6 ,  8 ,  10 and 12 p i  
o f  s t a n d a rd  m ix tu re .  The c o n c e n t r a t io n  o f  e ac h  o c h ra to x in  
in  th e  s ta n d a rd  m ix tu re  i s  as fo l lo w s;
O ch ra to x in  A = 2 .55  x 10"^ p& fpl
O ch ra to x in  B * 3 .65  x 10"^ p& Ipl
O ch ra to x in  C * 6 .1 6  x 10 p & lp l
O ch ra to x in s  R e v a l u e s  C A B
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Among the  a d so rb e n ts  t e s t e d ,  p r e a c t i v a t e d  F l o r i s i l  was found to  
be s u i t a b l e  f o r  column chrom atographic  p u r i f i c a t i o n  of o c h ra to x in s  A,
B and C. I t  was found t h a t  by washing th e  column w i th  fo u r  s o lv e n t  
system s o f  i n c r e a s in g  p o l a r i t y  (as  d e sc r ib e d  i n  M a te r ia l s  and 
Methods) the  l i p i d s ,  the  f l u o r e s c e n t  i m p u r i t i e s ,  and o u s t  o f  the  
pigments were removed from the  column. Mo o c h ra to x in  was d e te c te d  in  
any of the  washes as m on ito red  by TLC a n a l y s i s .  A f te r  the  removal of 
most o f  th e  im p u r i t i e s  from th e  column, th e  o c h ra to x in s  were e lu t e d  
w i th  S o lv e n t  15-1 (5 9 :4 0 :1  v / v /v  m ix tu re  o f  h e x a n e :a c e to n e :fo rm ic  
a c i d ) .
The e l u t i o n  p a t t e r n s  o f  o c h ra to x in s  A, B and C w i th  S o lv en t  15-1 
from a  column c o n ta in in g  130 g of p r e a c t i v a t e d  F l o r i s i l  i s  shown in  
F ig u re  2 .  F r a c t io n s  of 50 ml were c o l l e c t e d  w i th  the  r a t e  o f flow  o f  
th e  column s e t  a t  4 ml pe r  m in u te .  The o c h ra to x in s  were n o t  
d e te c t a b l e  i n  the  f i r s t  5 f r a c t i o n s .  However, F r a c t i o n  Mo. 6 was 
found to  c o n ta in  over 67 p e rc e n t  o f  th e  t o t a l  o c h ra to x in  C, over 38 
p e rc e n t  o f th e  t o t a l  o c h ra to x in  B and over 27 p e rc e n t  of th e  t o t a l  
o c h ra to x in  A in o c u la te d  in  th e  sam ple . O chra to x in  C was d e te c t a b l e  up 
to  F r a c t io n  Mo. 14 whereas o c h ra to x in s  A and B were even d e te c t a b l e  in  
F r a c t io n  Mo. 20 when the  f r a c t i o n s  were c o n c e n tr a te d  and l a r g e  
a l i q u o t s  were s p o t t e d  on the  TLC p l a t e s .  The poo led  10 f r a c t i o n s ,  
from F ra c t io n s  Mo. 6 to  16 (500 ml of e l u a t e )  c o n ta in e d  over  90 
p e rc e n t  o f o c h ra to x in  A, 93 .8  p e rc e n t  o f o c h ra to x in  B and 9 1 .6  
p e rc e n t  o f o c h ra to x in  C. A l l  th e  sample e l u a t e i  were f u r t h e r  
p a r t i t i o n e d  by a  m od if ied  scheme o f th e  a c id  aqueous-hexane p a r t i t i o n  
by e x t r a c t i n g  o c h ra to x in s  A and B w i th  c h lo ro fo rm  from th e  a c id ic  
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E l u t i o n  F r a c t i o n  No
F ig u re  2 .*  E lu t io n  p a t t e r n s  o f  O ch ra to x in s  by column chrom atography 
on F l o r i s i l  w i th  s o lv e n t  15-1 .
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f r a c t i o n s .  T h is  poo led  f r a c t i o n  was washed w i th  w ater to  remove most 
o f  the  a c id  and some a c e to n e ,  and th e  s o lv e n t  was e v a p o ra te d  and the  
samples were an a lyzed  by TLC.
O chra tox in  C p a r t i t i o n e d  a lm ost e n t i r e l y  in  th e  hexane phase of 
the  a c i d i c  aqueous-hexane p a r t i t i o n ,  whereas o c h ra to x in  A p a r t i t i o n e d  
appro x im ate ly  75 p e rc e n t  i n  th e  hexane phase and 25 p e rc e n t  in  the  
a c id ic  aqueous phase » O chra to x in  B was found a lm ost e n t i r e l y  in  the 
a c id ic  aqueous p h a se .  The p a r t i a l  s o l u b i l i t y  o f o c h ra to x in  A in  the  
hexane f r a c t i o n  may e x p la in  why low r e c o v e r i e s  a re  o b ta in e d  by u s in g  
aq u eo u s-e th an o l  and hexane as  th e  e x t r a c t i n g  s o l v e n t .  I t  may be 
assumed t h a t  the  c o n d i t io n s  o f l i q u i d  p a r t i t i o n  d u r in g  e x t r a c t i o n  of 
o c h ra to x in s  w i th  aqueous m ethanol and hexane, as  proposed by S c o t t  and 
Hand (1 0 6 ) ,  a re  n o t  th e  same as  th e  a c id  aqueous-hexane p a r t i t i o n  
d e sc r ib e d  above . This method recommends t h a t  the  sample a l i q u o t  fo r  
o c h ra to x in  a n a ly s i s  be tak en  only  from the  aqueous m ethano lic  e x t r a c t  
w i th  com plete  d i s r e g a r d  f o r  th e  hexane f r a c t i o n .  However, as shown in  
Table l a  o f th e  Appendix b o th  low s ta n d a rd  r e c o v e r ie s  were o b ta in e d  
when aqueous m ethanol w i th  o r w i th o u t  hexane was used  as th e  e x t r a c t i n g  
s o l v e n t .  H igher r e c o v e r i e s  (82-100 p e rc e n t )  were o b ta in e d  when th e  
s ta n d a rd  o c h ra to x in s  were added to  th e  m ethano lic  e x t r a c t s  a f t e r  th e  
e x t r a c t i o n  or when the  column was d i r e c t l y  sp ik e d  w ith  o c h ra to x in  
s t a n d a r d .
H igher r e c o v e r ie s  were o b ta in e d  by u s in g  ch lo ro fo rm  as  th e  
e x t r a c t i n g  s o l v e n t .  The sam ples were chrom atographed on 25 to  30 g o f  
F l o r i s i l ,  as d e sc r ib e d  i n  M a te r ia l s  and Methods* F u r th e r  c lean u p  was 
fo llow ed  by a m od if ied  a c id  aqueous-hexane p a r t i t i o n .  Approxim ately  
95, 98 and 90 p e rc e n t  o f o c h ra to x in  A, B and C were rec o v e re d  by
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e l u t i n g  the  column w i th  300 ml o f S o lv en t  15 -1 . The perform ance o f  
t h i s  proposed c leanup  method f o r  o c h ra to x in s  was t e s t e d  w i th  a 
s e l e c te d  group o f food com m odities . These foods were p re v io u s ly  
r e p o r te d  to  be troublesom e as f a r  as th e  amount o f s e r io u s  i n t e r f e r i n g  
m a t e r i a l s ,  which were e x t r a c t e d  and p u r i f i e d  a long  w ith  o c h ra to x in s ,  
a f l a t o x i n s  and zea ra lcn o n e  (3 8 ,7 9 ,1 0 7 ) .
Samples of Capsicum p ep p er ,  b a r l e y  and g reen  c o f f e e  beans were 
sp ik ed  w i th  a  known amount o f  s ta n d a rd  o c h ra to x in s  A, B and C, and 
they  were e x t r a c t e d  w i th  ch lo ro fo rm , p u r i f i e d  by column chromatography 
on F l o r i s i l  and f u r t h e r  p u r i f i e d  w i th  a  m odified  ac id -aqeuous hexane 
p a r t i t i o n .  The TLC a n a ly s i s  o f th e s e  e x t r a c t s  was no t p o s s ib le  because  
o f  the  amount o f i n t e r f e r e n c e s ,  m ostly  due to  yellow  pigments and 
background i n t e r f e r e n c e .  These r e s u l t s  a re  i n  agreem ent w ith  th o se  
r e p o r t e d  by Eppley e t  _al. (38) when th e s e  commodities were an a lyzed  
f o r  o c h ra to x in  A by t h e i r  m ethod.
Since the  method of Eppley ,et _al, (38) i s  a  m u l t i to x in -  
de te rm in in g  method, the  same i n t e r f e r e n c e s  were found w i th  these  
commodities In  a f l a t o x l n  a n a l y s i s .  L ev i and B arker (64) fo l lo w in g  a 
s i m i l a r  F l o r i s i l  column chrom atograph ic  c leanup  p ro c e d u re ,  r e p o r te d  
e a r l i e r  by H eusinkveld  e t  a l ,  (5 1 ) ,  found no such I n t e r f e r e n c e s  due to  
c a f f e i n e  d u r in g  a f l a t o x i n  a n a ly s i s  o f  p u r i f i e d  e x t r a c t s  from green  
c o f fe e  sam ples . S c o t t  (107) confirm ed the  r e s u l t s  o f  L ev i and Barker 
(6 4 ) .  Nesheim (77) r e p o r t e d  no I n t e r f e r e n c e s  w ith  th e  m u l t i to x in  
method combined w i th  a  F l o r i s i l  column c le a n u p ,  b u t  low re c o v e r ie s  
were a l s o  r e p o r t e d  and h i s  recommendation was fo r  t h e i r  s tudy  to  be 
c o n t in u e d .  At th e  1968 annual m eeting  o f the  A s s o c ia t io n  of O f f i c i a l  
A n a ly t ic a l  C hem ists , th e  q u e s t io n  o f s e r io u s  i n t e r f e r e n c e s  from green
83
c o f f e e ,  Capsicum p ep p er ,  and c o t to n se e d  in  a f l a t o x i n ,  o c h ra to x in  A and 
z e a ra len o n e  d e te rm in a t io n s  had n o t  been s e t t l e d .
T h e re fo re ,  p re l im in a ry  t r i a l s  were c a r r i e d  o u t  t r y in g  to  
e l im in a te  the  I n t e r f e r i n g  im p u r i t i e s  from th e  F l o r i s i l  column e lu a t e s  
o f t h r e e  food comm odities (Capsicum p ep p er ,  b a r l e y  and g reen  c o f f e e ) ,  
which were sp ik ed  w i th  1 ml o f  o c h ra to x in s  A, B and C. Each e l u a t e  
had an average  pH o f  2 .3  when d i s t i l l e d  w a te r  was added t o t a l i n g  one 
h a l f  o f  i t s  volume. The p rev io u s  method c o n s i s t e d  of e x t r a c t i n g  th e  
rem ain ing  o c h ra to x in  A and a l l  o c h ra to x in  B from the  a c id  aqueous 
phase w i th  ch lo ro fo rm , s in c e  a l l  o c h ra to x in  C and about 75 p e rc e n t  
o c h ra to x in  A had been  a l r e a d y  e x t r a c t e d  w ith  th e  hexane f r a c t i o n .  
However, the  s e r io u s  i n t e r f e r i n g  m a te r i a l s  were p a r t i t i o n e d  s i m i l a r l y  
and e x t r a c t e d  a long  w i th  o c h ra to x in s .  The i n t e r f e r i n g  su b s ta n c e s  
appear to  be k e to n ic  p igm en ts ,  c a f f e i n e ,  e t c ,  w h ile  o c h ra to x in s  A and 
B have a  f r e e  c a rb o x y l ic  a c id  group in  t h e i r  m o le c u le s ;  c o n se q u e n t ly ,  
a  s u i t a b l e  pH co u ld  be found in  which th e se  o c h ra to x in s  would be 
charged  and n o t  e x t r a c t e d  from aqueous phase w i th  a  n o n -p o la r  s o lv e n t  
as n-hexane o r a m ix tu re  o f  hexane and c h lo ro fo rm , w h ile  the  
i n t e r f e r i n g  su b s ta n c e s  would be e x t r a c t e d  and removed w i th  t h i s  
s o l v e n t .
I t  was found t h a t  by making th e  e l u a t e s  l e s s  a c id  (pH 4 .5  or 
above) th e  i n t e r f e r i n g  m a t e r i a l s  were e x t r a c t e d  w i th  hexane from the 
aqueous phase . About 43 p e rc e n t  o f  o c h ra to x in  C and 5 p e rc e n t  of 
o c h ra to x in  A were a l s o  e x t r a c t e d  w ith  hexane when the  pH was r a i s e d  
from 2 .3  to  4 .5  o r  above. A pproxim ately  84 p e rc e n t  of o c h ra to x in  A,
96 p e rc e n t  o f  o c h ra to x in  B and o n ly  57 p e rc e n t  o f o c h ra to x in  C were 
e x t r a c t e d  from the  w a te r  phase w i th  ch lo ro fo rm , a f t e r  a c i d i f y i n g  the
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s o l u t io n  to  a pH o f  2 .3  w i th  e i t h e r  fo rm ic  a c id  o r 1 ,0  N HCl. No 
i n t e r f e r e n c e  was observed  in  th e  e x t r a c t s  when ana ly zed  by TLC.
Higher pH's o f the  pH -ad ju s ted  aqueous hexane p a r t i t i o n  r e s u l t e d  in  
i n c r e a s in g  c o n c e n t r a t io n s  o f  a l l  o c h ra to x in s  as  e x p e c te d .  A lthough no 
s e r io u s  i n t e r f e r e n c e s  were found , th e  in c re a s e d  c o n c e n t r a t io n  of 
pigments in  the  f i n a l  e x t r a c t  was observed  by r a i s i n g  the  pH above 
pH 5 .6  to  1 3 .2 .
No s e r io u s  i n t e r f e r e n c e  was o bserved  in  TLC a n a ly s i s  o f  
o c h ra to x in s  from th e  e x t r a c t s  o f sp ik e d  Capsicum p ep p er ,  b a r l e y  and 
g reen  c o f f e e  when th e  pH~adjusted aqueous hexane p a r t i t i o n  was c a r r i e d  
o u t  a t  pH 7 .5  + 0 .5 .  T h is  can be observed  by look ing  a t  P la te  2 .  
F lu o ro d e n s i to m e tr ic  measurements of th e se  f lu o r e s c in g  s p o t s ,  
c o rre sp o n d in g  to  o c h ra to x in s  A, B and C were o b ta in e d ,  and th e  r e s u l t s  
were e x p re s se d  in  p e rc e n t  r e c o v e r i e s  o f o c h ra to x in s  A, B and C f o r  
each  food coomodity as shown in  T ab le  1 , These p e rc e n t  r e c o v e r i e s  o f 
79-88 and 94-103 co rre sp o n d in g  to  o c h ra to x in s  A and B may be 
c o n s id e re d  to  be  v e ry  good; however, th e  o c h ra to x in  C r e c o v e r i e s  were 
low and i n c o n s i s t e n t  as e x p e c te d .
The problem of q u a n t i t a t i v e  d e te rm in a t io n  o f  m ycotoxlns has a ls o  
been o f concern  to  th e  i n v e s t i g a t o r s  in  bo th  th e  U nited  S t a t e s  and 
a b ro a d . Most o f th e  q u a n t i t a t i v e  d a ta  p u b l is h e d  on m ycotoxlns have 
been de term ined  by v i s u a l  com parisons o f  th e  sample f lu o re s c e n c e  
a g a in s t  the  f lu o re s c e n c e  i n t e n s i t y  of the  s ta n d a rd  d i r e c t l y  on th e  TLC 
p l a t e ,  when i l l u m in a te d  w i th  a  l i g h t  so u rce  o f th e  p ro p e r  w av e len g th , 
u s u a l ly  in  th e  UV ra n g e .  The p re l im in a ry  t r i a l  d a ta  and the  d a ta  
p re s e n te d  in  T able  l a  (Appendix) were de te rm ined  by fo l lo w in g  a 
p rocedure  of d i r e c t  v i s u a l  com parison s i m i l a r  to  th e  o f f i c i a l  method
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P la te  2; TLC p l a t e  pho tograph  showing a rec o v e ry  experim en t o f
s ta n d a rd s  I n o c u la te d  t o  a  s e l e c t e d  number o f  food m a t e r i a l s ,  
which have been troublesom e due to  i n t e r f e r e n c e s  as 
r e p o r t e d  in  l i t e r a t u r e  ( 3 8 ) .  Observe the  f a i r l y  c le a n  and 
w e l l - r e s o l u t e d  s p o t s .  R efe r  to  Table 1 f o r  p e rc e n t  
re c o v e ry  o f  e a c h  o c h ra to x in  in  each  food m a t e r i a l .
S po ts  1 and 6 . -  0 .4  s ta n d a rd  o c h ra to x in  A, B and C
(250 / i l  f i n a l  d i l u t i o n )
Spots 2 and 3 . -  0 .4  / i l  s t a n d a rd  o c h ra to x in s  A, B and C
rec o v e ry  from Capsicum pepper (175 u l  f i n a l  
d i l u t i o n )
Spots 4 and 5 . -  0 .4  j i l  s ta n d a rd  o c h ra to x in  A, B and C
rec o v e ry  from b a r l e y  (250 u l  f i n a l  d i l u t i o n )  
Spo ts  7 and 8 . -  0 .4  / i l  s t a n d a rd  o c h ra to x in s  A, B and C
rec o v e ry  from c o f f e e  beans (125 >il f i n a l  
d i l u t i o n )
TABLE 1
S tandard O chra to x in  A, B and C 
Group o f Troublesome
Recovery from a 
Food P roduc ts
S e le c te d
O ch ra to x in  A O chra to x in  B O chra to x in  C
Food
Commodity jig % Ave . Found Recovery
>jg % Ave. 
Found Recovery
>ig % Ave. 
Found Recovery
S tan dard 26.60 34.38 55.40
S tandard 24.28 38.68 67.14
Capsicum pepper 23.22 37.56 30.32
88 .5 102
Capsicum pepper 21.82 36.78 36.44
B arley 19.68 33.08 18.76
79.2 94.1
B arley 20.64 35.66 23.28
Green c o f f e e  beans 23.42 35 .70 53.36
87 .3 103
Green c o f f e e  beans 20.98 39.90 51.08
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f o r  a f l a t o x i n s  (1 9 ) ,  However, the  p r e c i s io n  l im i t s  f o r  q u a n t i t a t i v e  
v i s u a l  com parison o f  a f l a t o x i n  a s sa y  d i r e c t l y  on TLC p l a t e s  can be no 
b e t t e r  than  + 20 p e rc e n t  f o r  a s i n g l e  o b s e rv a t io n ,  and under o p e ra t in g  
c o n d i t io n s  they  can  be no b e t t e r  th an  + 28 p e r c e n t ,  a cco rd in g  to  th e  
r e p o r t  o f Beckwith and S t o l o f f  ( 8 ) ,
P re l im in a ry  t r i a l s  i n d ic a t e d  t h a t  th e  m agnitude o f e r r o r  fo r  
o c h ra to x in  a ssa y s  on TLC by the  v i s u a l  method was s i m i l a r  to  t h a t  f o r  
a f l a t o x i n  a s s a y s .  T h e re fo re ,  th e r e  was a  need to  improve the  accu racy  
and p r e c i s io n  of q u a n t i t a t i v e  a n a ly s i s  o f o c h ra to x in s ,  and remove the  
b ia s  of the  v i s u a l  method by u s in g  a  more o b j e c t iv e  in s t ru m e n ta l  
m ethod. W ith t h i s  purpose  in  mind, an experim en t was s e t  up co v er in g  
a wide range  o f c o n c e n t r a t io n s  o f  o c h ra to x in s  A, B and C to  be a b le  to  
a s s e s s  th e  r e l a t i o n s h i p  betw een th e  o c h ra to x in  c o n c e n t r a t io n  and i t s  
s o l i d  s t a t e  f lu o re s c e n c e  e m is s io n ,  as  measured by a f lu o ro d e n s l to m e te r  
under th e  c o n d i t io n s  s p e c i f i e d  in  M a te r i a l s  and M ethods, S ince  the  
th ic k n e s s  and make-up o f  the  g l a s s  p l a t e s ,  and the  th ic k n e s s  o f the  
g e l  f i lm  on the  p l a t e s  were assumed to  be d i f f e r e n t ,  t h i s  experim en t 
was d es ig ned  as a  random ized b lo ck  experim en t to  t e s t  the  e f f e c t  o f  
p l a t e s  and f a c t o r  o u t  i t s  e f f e c t  in  a s s e s s in g  th e  r e l a t i o n s h i p  between 
c o n c e n t r a t io n  and f lu o r o d e n s i to m e t r ic  m easurem ents . F ig u re s  3 and 4 
show two d i f f e r e n t  f lu o r o d e n s i to m e t r ic  t r a c e s  ( r e c o rd e r  s e t t i n g  a t  
100 mv) o f  two d i f f e r e n t  c o n c e n t r a t io n s  (4 p i  and 8 > il, r e s p e c t iv e ly )  
o f  a  s ta n d a r d  m ix tu re  o f  o c h ra to x in s  A, B and C. I t  can be observed  
t h a t  th e  peaks a r e  w e l l  re s o lv e d  and n e a r ly  sy m m etr ica l , The same 
sp o ts  measured a t  SO mv gave t r a c e s  i n  w hich  th e  a r e a  o f  each  peak was 
d o ub led . Very h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n s  (P 0 ,0 1 )  between the  
a r e a  measured a t  100 mv and 50 mv co rre sp o n d in g  t o  o c h ra to x in s  A, B
F ig u re  3 .*  F luorodensitom e t r i e  r e c o rd e r  t r a c e ,  scanned in  o rd e r  
o f  d e c re a s in g  R f -v a lu e s ,  o f  o c h ra to x in s  A, B and C, 
c o rre sp o n d in g  to  4 p.1 o f  the  s ta n d a rd  m ix tu re ,  s p o t te d  
on a  TLC p l a t e  and developed w i th  deve lop in g  so lv e n t  
1 6 -7 . The com po s it io n  o f t h i s  s o lv e n t  system  i s  s t a t e d  
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F ig u re  4 . -  F lu o ro d e n s i to m e tr ie  r e c o r d e r  t r a c e ,  scanned in  o rd e r  of 
d e c re a s in g  R f -v a lu e s ,  o f o c h ra to x in s  C, A and B, 
c o rre sp o n d in g  to  8 j i l  o f  the  s ta n d a rd  m ix tu re ,  s p o t t e d  on 
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and C i n d ic a t e  good ag reem en t. The c o r r e l a t i o n  c o e f f i c i e n t s  betw een
the  a re a s  measured a t  100 and 50 otv fo r  o c h ra to x in s  A, B and C were
as fo l lo w s:  0 .9 9 ,  0 ,9 6 ,  and 0 ,9 9 ,  r e s p e c t iv e ly *
The r e s u l t s  o f  f lu o r o d e n s i to m e t r ie  m easurem ents , e x p re ssed  as 
2
peak a re a s  in  cm , f o r  d i f f e r e n t  o c h ra to x in  c o n c e n t r a t io n s  a re  shown 
as fo l lo w s;
Table  2a (Appendix) shows th e  d a ta  o f  o c h ra to x in  A de te rm ined
a lo n e ,  and f u r t h e r  r e f e r r e d  to  a s  o c h ra to x in  A ( a lo n e ) .
T ab le  3a (Appendix) shows th e  d a ta  o f o c h ra to x in  A de te rm ined  In
a s ta n d a rd  m ix tu re  w i th  o th e r  o c h ra to x in s  and f u r t h e r
r e f e r r e d  to  as o c h ra to x in  A (m ix ) ,
T ab le  4 a  (Appendix) shows th e  d a ta  o f o c h ra to x in  B de te rm ined  in
a s ta n d a rd  m ix tu re  and f u r t h e r  r e f e r r e d  to  as  o c h ra to x in  B.
T ab le  5a (Appendix) shows the  d a ta  o f o c h ra to x in  C de te rm in ed  in
a s ta n d a rd  m ix tu re  and f u r t h e r  r e f e r r e d  to  as o c h ra to x in  C.
The o v e r a l l  mean f o r  each  s ta n d a rd  c o n c e n t r a t io n  of each  to x in
was p l o t t e d  a g a i n s t  th e  o v e r a l l  mean o f e a c h  c o rre sp o n d in g  f lu o re s c e n c e
2
peak a r e a  ( i n  cm ) fo r  each  t o x i n ,  and i s  shown in  F ig u re  5 .  A l i n e a r  
t r e n d  o f  each  l i n e  c o rre sp o n d in g  to  each  to x in  can be o b se rv ed .
However, a  tendency  o f  th e  l i n e  to  cu rv e  can  a l s o  be o b se rv ed , e x ce p t  
f o r  the  o c h ra to x in  C l i n e ,  which ap pears  to  be l i n e a r  even a t  h ig h e r  
c o n c e n t r a t i o n s .  T h is  tendency  o f  th e  re sp o n se  l i n e  to  cu rve  appea rs  
to  be r e l a t e d  to  th e  I n t e n s i t y  o f the  s o l i d  s t a t e  f lu o re s c e n c e  em iss io n  
o f  th e  t o x in s .
The a n a ly se s  o f  v a r ia n c e  perform ed on th e  f lu o ro d e n s i to m e t r ic  
d a ta  a r e  shown in  T ab les  6 a ,  7a, 8 a ,  and 9a o f  th e  Appendix, 
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* Ochratoxin B 
o Ochratoxin C
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C o n c e n t r a t i o n  x 10**2
F ig .  5 ."  R e la tio nsh ip  between ochra tox in  co n cen tra tions  and t h e i r  s o l i d  s t a t e  f lu o re sc e n re ,  measured
d i r e c t l y  on the TLC p la te s  (F luorodensitom etrie  measurements) and expressed as peak areas in  cm .
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B, and o c h ra to x in  C, r e s p e c t i v e l y .  I t  can be observed  in  a l l  these  
t a b l e s  t h a t  p l a t e s ,  c o n c e n t r a t io n s ,  and l i n e a r  re sp o n ses  o f c o n c e n tra ­
t io n s  were h ig h ly  s i g n f i c a n t  (P <  0 .0 1 )  i n  a l l  fo u r  d e te r m in a t io n s .  
However, the  q u a d ra t ic  respo nse  was h ig h ly  s i g n i f i c a n t  (P 0 ,0 1 )  fo r  
o c h ra to x in  A (a lo n e )  where the  s e n s i t i v i t y  s e t t i n g  of the  d e n s i to m e te r  
was in c r e a s e d  from 1 .0  to  1 ,5 .  A s i g n i f i c a n t  d i f f e r e n c e  o f q u a d ra t ic  
resp o n se  o f  c o n c e n t r a t io n  means t h a t  th e  l i n e  has an i n f l e c t i o n  p o in t  
and i s  t h e r e f o r e  b e t t e r  d e s c r ib e d  by a  q u a d ra t ic  re sp o n se  i n s t e a d  o f  
an e q u a t io n  of a s t r a i g h t  l i n e  as  in  th e  c a se s  in  which on ly  th e  
l i n e a r  re sp o n se  i s  s i g n i f i c a n t .  The f a c t  t h a t  th e  q u a d ra t ic  re sp o n se  
v a r ia n c e  (S.S v a lu e )  d e c re a se s  from o c h ra to x in  A (a lo n e )  to  o c h ra to x in  
C appea rs  to  s u b s t a n t i a t e  th e  th e o ry  t h a t  th e  tendency of the  
f lu o re s c e n c e  vs  c o n c e n t r a t io n  l i n e  to  b re a k  ( i n f l e c t i o n  p o in t )  i s  
r e l a t e d  to  s o l i d  s t a t e  f lu o re s c e n c e  em iss io n  o f the  t o x in .
F u r th e rm o re ,  th e  p r e c i s i o n  o f t h i s  method over th e s e  c o n c e n tra ­
t i o n  ran ges  (from low to  h igh) s t u d i e d ,  as measured by the  c o e f f i c i e n t s  
o f  v a r i a t i o n  a r e  7 .1 p e rc e n t  f o r  o c h ra to x in  A ( a lo n e ) ,  13 .4  p e rc e n t  
f o r  o c h ra to x in  A (m ix ), 12.1  p e rc e n t  f o r  o c h ra to x in  B, and 12.4 
p e rc e n t  f o r  o c h ra to x in  C, S im i la r  r e s u l t s  were r e p o r t e d  fo r  f lu o r o -  
d e n s i to m e t r ic  measurements o f a f l a t o x i n s  by Pons (94) who r e p o r te d  in  
a  c o l l a b o r a t i v e  s tu d y ,  c o e f f i c i e n t s  o f  v a r i a t i o n  of 3 .6  to  15.7 
p e rc e n t  f o r  I n d iv id u a l  a f l a t o x i n s .  More r e c e n t l y  Pons (96) r e p o r t e d  
an o v e r a l l  average  c o e f f i c i e n t  o f v a r i a t i o n  of 12 p e rc e n t  in  a 
c o l l a b o r a t i v e  s tu d y  in c lu d in g  12 d i f f e r e n t  l a b o r a t o r i e s .  These 
c o e f f i c i e n t s  o f  v a r i a t i o n  a c t u a l l y  d e s c r ib e  much b e t t e r  th e  e x p e r i ­
m enta l e r r o r  which i s  an average  p e rc en ta g e  o f  v a r i a t i o n  no t 
accoun ted  f o r  by the  o th e r  components o f th e  v a r ia n c e  ( p l a t e s  and
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c o n c e n t r a t i o n s ) .
F u r th e r  s t a t i s t i c a l  a n a ly se s  were perform ed on the  d a ta  in  o rd e r  
to  f in d  a  s u i t a b l e  working c o n c e n t r a t io n  range f o r  each  t o x i n .  This 
working c o n c e n t r a t io n  range  f o r  each  to x in  would be one in  which the 
ex p e r im e n ta l  e r r o r  would be m inim ized w i th in  a c c e p ta b le  l e v e l s  as 
th ose  r e p o r te d  by Beckwith and S to lo f f  (8) . These s t a t i s t i c a l  a n a ly se s  
a re  shown in  T ab les  2 ,  3 ,  4 ,  5 and fo r  o c h ra to x in  A ( a lo n e ) ,  
o c h ra to x in  A (m ix ) ,  o c h ra to x in  B, and o c h ra to x in  C, r e s p e c t i v e l y .  I t  
can be observed t h a t  on ly  a  l i n e a r  r e l a t i o n s h i p  between c o n c e n tr a t io n  
and s o l i d  s t a t e  f lu o re s c e n c e  o f  th e  to x in s  was h ig h ly  s i g n i f i c a n t  
(P <C 0 .0 1 )  . T h is  means t h a t  any d e v ia t i o n  from th e  r e g r e s s io n  l i n e  of 
a p o in t  w i th in  th e  range o f c o n c e n t r a t io n  s tu d ie d  i s  due to  chance*
I t  can a l s o  be observed  t h a t  the  e x p e r im e n ta l  e r r o r ,  as  e x p re ssed  by 
th e  c o e f f i c i e n t  o f  v a r i a t i o n ,  was d e c rea se d  to  w i th in  10 p e rc e n t  
(from 5 .7  to  10 p e r c e n t ) .  T h e re fo re ,  th e  c o n c e n t r a t io n  range  
s e l e c te d  was from 0,0336 to  0.1335 >ig of o c h ra to x in  A ( a lo n e ) ,  0 .0510 
to  0.204 >ig o f  o c h ra to x in  A (m ix ), 0 .0730 to  0,292 ^ig o f o c h ra to x in  B, 
and 0.123 to  0 .493 ^ig o f o c h ra to x in  C.
The r e s u l t s  of f u r t h e r  s t a t i s t i c a l  a n a ly s i s  by a s te p -u p  
r e g r e s s io n  method confirm ed  th e  f i t n e s s  o f  th e  s e l e c t i o n  of th e  
working c o n c e n t r a t io n  range  fo r  each  t o x i n .  Very h ig h ly  s i g n i f i c a n t  
c o r r e l a t i o n  c o e f f i c i e n t s  (P 0 .01 )  were found i n  each  o f th e  f o u r  
s tu d i e s  f o r  the  two v a r i a b l e s  ( c o n c e n t r a t io n  vs s o l i d  s t a t e  
f lu o r e s c e n c e ) ,  r e g a r d l e s s  o f  d i f f e r e n c e  in  th ic k n e s s  among TLC. 
C o r r e l a t i o n  c o e f f i c i e n t s  o f  0 .9 8 ,  0 .9 5 ,  0 .9 0 ,  and 0 .97  were found 
c o rre sp o n d in g  to  o c h ra to x in  A ( a lo n e ) ,  o c h ra to x in  A (m ix ) ,  o c h ra to x in  
B, and o c h ra to x in  C, r e s p e c t i v e l y .  I n  a d d i t i o n ,  th e  fo l lo w in g
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TABLE 2
A n a ly s is  o f V a riance  o f  F lu o roden sitom eC ric  Measurements 
o f  O chra to x in  A (a lo n e )  o f Four E q ua lly -S paced  
C o n c e n tra t io n s  (0 .0336 to  0 .1335 pg)
Source d . f . S .S . M.S. F -v a lu e
T o ta l 23 390.5730
P la te s 5 15.7240 3.1448 5.108**
C o n c e n tra t io n s 3 365.6149 121.8716 197.97
L in e a r  resp o n se 1 365.5700 365.510 593.74
Q u a d ra t ic  resp onse 1 0.0368 0.368 0.585
E r r o r ^ 15 9.2341 0.616
S i g n i f i c a n t  a t  p KO.OI
^ C o e f f i c i e n t  o f v a r i a t i o n  i s  7 .8  p e rc e n t
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TABLE 3
A n a ly s is  o f V ariance  o f  F 1uorodens1to m e tr ie  Measurements 
o f  O chra tox in  A (mix) o f Four E qually -S paced  
C o n c e n tra t io n s  (0 .0510  to  0.2040 ^ig)
Source d . f . S .S. M.S. F -v a lu e
T o ta l 23 457.79 *
P la te s 5 43 .77 8 .75 9.40**
C o n c en tra t io n s 3 400,02 133.38 143.37**
L in ea r  re sp o n se 1 398.96 398.98 429.01**
Q u a d ra t ic  respo nse 1 .007 0.007 0.7526
E r ro r 15 14 .00 0 .93
^ S i g n i f i c a n t  a t  P ^ O .O l
( ^ C o e f f i c i e n t  o f  v a r i a t i o n  i n  9 .6  p e rc e n t
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TABLE 4
A n a ly s is  o f  V ariance  o f  F 1u o ro d e n s i to m e tr ie  Measurements 
o f O chra tox in  B (mix) o f Four E q ua lly -S paced  
C o n c e n tra t io n s  (0 .0730 to  0 .2920 /ig)
Source d . f . S .S . M.S. F -v a lu e
T o ta l 23 527.52
P la te s 5 103.05 20.61 14.82**
C o n c e n tra t io n s 3 403 .50 134.50 96.76**
L in e a r  response 1 184.38 184.38 132.64
Q u a d ra t ic  response 1 0.9962 0.9962 0.7166
E r ro r 15 20 .97 1.39
S i g n i f i c a n t  a t  P ^ O .O l
( ^ C o e f f i c i e n t  o f v a r i a t i o n  i s  10 .0  p e rc e n t
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TABLE 5
A n a ly s is  o f  V ariance  o f  F1u o ro d e n s i to m e tr ie  Measurements 
o f  O ch ra to x in  C (mix) o f Four E q ua lly -S paced  
C o n c e n tra t io n s  (0 .1232 to  0.4928 /ig)
Source d . f . S .S . M.S. F -v a lu e
T o ta l 23 303.80
P la te s 5 16.94 3.38 18.77**
C o n c e n tra t io n s 3 284.16 94.72 526.22**
L in e a r  re sp o n se 1 5.9473 5.9473 33.00**
Q u a d ra t ic  respo nse 1 0.2904 0.2904 0.1613
E r ro r  ( a) 15 2 .7 0 0 .18
* * S ig n i f l e a n t  a t  P < 0 .0 1
( ^ C o e f f i c i e n t  o f v a r i a t i o n  i s  5 .7  p e rc e n t
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r e g r e s s io n  e q u a t io n s  were o b ta in e d  from th e  a n a ly s i s :  
y -  74 . 55 + 0 . 7318 x
2where y ■ peak a r e a  in  cm
.  2
x -  c o n c e n t r a t io n  i n  10 jug
For o c h ra to x in  B,
y -  215 .8  + 0 .527 x 
For o c h ra to x in  C,
y -  -1 3 .3 8  + 0 .248 x
These e q u a t io n s  i n d i c a t e  t h a t  none of th e  r e g r e s s io n  l i n e s  pass
th rough  the  o r i g i n .  T his  i s  in  agreem ent w i th  th e  r e p o r t  o f Beckwlck 
and S t o l o f f  (8) f o r  a f l a t o x i n .  However, o n ly  a  l i n e a r  r e l a t i o n s h i p  
betw een th e  c o n c e n t r a t io n  and s o l i d  s t a t e  f lu o re s c e n c e  was a s s e s s e d  in  
every  s tu d y  w i th in  th e  l i m i t s  o f working c o n c e n t r a t io n  ran g es  chosen , 
in  s p i t e  o f d i f f e r e n c e s  between TLC p l a t e s .  T h e re fo re ,  sm a l le r  e r r o r s  
may be ex p ec te d  by co ndu c ting  the  TLC a ssa y  o f  each  to x in  w i th in  even
c l o s e r  ran g e s  o f c o n c e n t r a t io n s  and ru n n in g  th r e e  s ta n d a rd  s p o ts  on
th e  same TLC p l a t e  a lo n g  w i th  th e  unknown sample s i m i l a r l y  as  proposed  
by Pons (96) f o r  a f l a t o x i n s .  However, in  c a l c u l a t i n g  the  sample 
c o n c e n t r a t io n ,  i t  i s  recommended to  use th e  average  respo nse  ( j i l /cm ) 
o f  the  s ta n d a rd  and unknown sample i n s t e a d  o f  t h e i r  volumes which g iv e  
e q u iv a le n t  f lu o r o d e n s i to m e t r ic  m easurem ents . The fo l lo w in g  e q u a t io n  
fo r  th e  c a l c u l a t i o n  of th e  unknown sam ple , in c lu d in g  th e  c o r r e c t i o n  
f o r  the  amounts o f  o c h ra to x in  u t i l i z e d  f o r  th e  p re l im in a ry  TLC i s  
proposed:
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<R > (c )(D ) (F )
/jg o c h ra to x ln /k g  sample ■ "______
(Rs )(wx >
2
where = average  resp o n se  e x p re sse d  In  cm / / i l  o f  sample e x t r a c t  
s p o t t e d ,
Cs = c o n c e n t r a t io n  o f  s ta n d a rd  o c h ra to x in  in  ja g /p l .
Dq = sample f i n a l  d i l u t i o n  e x p re s se d  in  j i l .
2
Rfi -  average  re sp o n se  e x p re s se d  in  cm / jjI  o f  s ta n d a rd  
o c h ra to x in  s p o t t e d .
W ■ w e igh t in  kg o f  c o rre sp o n d in g  sample a l i q u o t  ta k e n ,  e . g .  
0 .0125  k g .
F * c o r r e c t i o n  f a c t o r  o f the  t o t a l  j i l  (V ) o f  the  sample e x t r a c t  
removed f o r  th e  p re l im in a ry  TLC a ssa £  i f  I t  were ru n .  
C onsequen tly ,
F “  P--------  , where
V VP
V “  t o t a l  j i l  o f  sample s p o t t e d  f o r  th e  p re l im in a ry  
p TLC e x p re s se d  In  j i l .
0^ -  t o t a l  p r e l im in a r y  d i l u t i o n  i n  ^ul.
O ther in s t r u m e n ta l  methods of o c h ra to x in  d e te c t io n  and 
measurements were i n v e s t i g a t e d  f o r  s u i t a b i l i t y  and s e n s i t i v i t y  l e v e l s .  
U l t r a v i o l e t  sp e c tro sc o p y  was u t i l i z e d  m ain ly  f o r  q u a l i t a t i v e  p u rp o se s ,  
as w i l l  be d is c u s s e d  l a t e r .  However, UV a n a ly s i s  was perform ed on 
o c h ra to x in s  A, B and C s t a n d a r d  s o l u t io n s  d i s s o lv e d  In  a b s o lu te  
e th a n o l .  O ch ra to x in  A was measured a t  ^ m a x  n ea r  214 mp.
O ch ra to x in  c o n c e n t r a t io n s  i n  e th a n o l  as low as 0 .2  ppm were d e te c t a b l e  
by t h i s  m ethod. However, b e t t e r  r e s u l t s  were o b ta in e d  from 0 .5  to  
5 ppm. S ince the  r e l a t i o n s h i p  betw een the  c o n c e n t r a t io n  in  ppm and 
the  absorbance  was n o t  l i n e a r  b u t  r a t h e r  p a r a b o l i c ,  i t  would be 
d e s i r a b l e  to  measure 4 t o  5 d i f f e r e n t  c o n c e n t r a t io n s  o f o c h ra to x in s  A
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in  d e te rm in in g  a s ta n d a rd  c u rv e .  S im i la r  r e s u l t s  were o b ta in e d  w ith  
o c h ra to x in s  B and C. The UV sp e c t ro p h o to m e tr ie  method i s  about 20 
tim es l e s s  s e n s i t i v e  a method th an  s o l i d  s t a t e  f lu o re s c e n c e  em iss ion  
measured d i r e c t l y  on TLC p l a t e s  f o r  d e te c t i o n  and measurement of 
o c h ra to x in s .  F u r th e rm o re ,  th e  sample p u r i f i c a t i o n  shou ld  be more 
c om ple te ,  because  o f s e v e r a l  common co n tam in a tin g  pigments i n  the  
sample e x t r a c t s  which a l s o  absorb  s t r o n g ly  n e a r  th e  same UV re g io n .
The s i m i l a r i t y  of th e  UV s p e c t r a  o f  th e s e  t o x in s ,  a n t i f a c t s  and 
pigments can  be ev idenced  by o b se rv in g  F ig u re s  6 , 7, 8 ,  9 and 10. 
Wiseman e t  a l . (144) r e p o r t e d  s e v e r a l  i n t e r f e r i n g  pigments which 
rem ained a f t e r  th e  c leanup  p rocedure  o f  th e  sam p le s .  These pigments 
absorbed  r a d i a t i o n  over th e  same UV re g io n  as  a f l a t o x i n s .
Gas l i q u i d  chrom atography (GLC) was a n o th e r  in s t ru m e n ta l  method 
used f o r  d e te rm in in g  o c h ra to x in  A on a  q u a l i t a t i v e  and q u a n t i t a t i v e  
b a s i s .  P re l im in a ry  t r i a l s  I n d ic a te d  t h a t  th e re  was an a p p a ren t  
decom position  of o c h ra to x in  A, as ev idenced  by a g r e a t  many numbers o f  
sm a ll  p e ak s .  T h is  decom position  o c c u rre d  w h i le  run n ing  th e  GLC a t  
i so th e rm a l  column te m p era tu re s  o r  u s in g  d i f f e r e n t  programmed 
te m p era tu re s  a t  s e v e r a l  r a t e s  o f h e a t in g  and w i th  v a r io u s  s o l v e n t s ,  
e s p e c i a l l y  w i th  ch lo ro fo rm . Chloroform  decomposes r e a d i l y  a t  h igh  
te m p e ra tu re s  p roducing  h y d ro c h lo r ic  a c i d .  P a t a i  (82) r e p o r t e ' an 
a c id  c a t a l i z e d  p y r o ly s i s  o f  am ides . O ch ra to x in  A has an amide l in k a g e  
in  the  m o le c u le .  However, th e  r e s u l t s  o f  some s t u d i e s  on th e  GLC o f  
amides and a lk a lo id s  have in d ic a t e d  t h a t  i t  i s  n o t  n e c e ssa ry  to  
p r o t e c t  th e  amine group by d e r i v a t i v e  fo rm a tio n  ( 1 1 ,5 5 ) .
A m o d if ic a t io n  to  o b ta in  an a lm ost a l l  g l a s s  GLC column and th e  
use of t e t r a h y d r o fu r a n  as  th e  o c h ra to x in  A s o lv e n t  gave more c o n s i s t e n t
F ig u re  6 . -  U l t r a v i o l e t  spectrum  of o c h ra to x in  A, d is s o lv e d  in
e th a n o l ,  was de te rm ined  a g a in s t  pure  e th a n o l  In  matched 
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F ig u re  7 U l t r a v i o l e t  spectrum  of 
e th a n o l ,  was de term ined  
m atched 1-cm l i g h t  p a th
o c h ra to x in  Bf d i s s o lv e d  in  
a g a in s t  pure  e th a n o l  in  
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F ig u re  8 . -  U l t r a v i o l e t  spectrum  o f  o c h ra to x in  C, d i s s o lv e d  in  
e t h a n o l t was d e te rm ined  a g a i n s t  pure  e th a n o l  i n  
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F ig u re  9 . -  U l t r a v i o l e t  spectrum  of C u l tu re  1-B, d i s s o lv e d  in  
e th a n o l ,  was m easured a g a in s t  pure  e th a n o l  In  
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F ig u re  1 0 , -  U l t r a v i o l e t  spectrum  of C u l tu re  1 Y i-ye llo w  pigm ent, 
d i s s o lv e d  in  e th a n o l ,  was de te rm ined  a g a in s t  pure 
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1X3
r e s u l t s  by GLC, F ig u re  11 shows a  chromatogram in  which s e v e r a l  sm a ll  
peaks w i th  one m ajor peak ( r e t e n t i o n  tim e 2 ,25  m inu tes)  can be 
o b se rv e d .  T h is  m ajor peak was l a b e l l e d  o c h ra to x in  A due to  the  £ a c t  
t h a t  i t  was c o n s i s t e n t l y  o b ta in e d  by GLC under the  same a n a l y t i c a l  
c o n d i t i o n s ,  in c lu d in g  a programmed column tem p era tu re  from 180° to  
250 C (h e a t in g  r a t e  a t  50 °C /m in u te ) . The same peak h e ig h t  o r a r e a  
was n o t  c o n s i s t e n t l y  o b ta in e d  i n  r e p e t i t i v e  r u n s ;  t h e r e f o r e ,  i t  was 
conc luded  t h a t  th e  GLC of o c h ra to x in  A under the  c o n d i t io n s  o f  t h i s  
experim en t co u ld  n o t  be  u t i l i z e d  f o r  q u a n t i t a t i v e  d e te rm in a t io n  of 
o c h ra to x in  A.
T h e re fo re ,  th e  p r e p a r a t io n  of t r i m e t h y l s i l y l  d e r i v a t i v e s  o f  
o c h ra to x in  A was a t te m p te d  t o  s tu d y  t h e i r  f e a s i b i l i t y  f o r  GLC 
d e te r m in a t io n  o f o c h ra to x in  A. S u b s t i t u t i o n  o f th e  a c t iv e  hydrogen 
by t r i m e t h y l s i l y l  group has been  employed w i th  I n c r e a s in g  freq u en cy  
to  r e n d e r  th e  compound more s t a b l e  and v o l a t i l e  and th u s  more s u i t e d  
GLC (5 5 ,6 8 ,1 2 6 ,1 3 2 ) .  Two s i l y l a t i n g  r e a g e n t s  a lo n e  and in  com bina tion  
were used under two r e a c t i o n  te m p e ra tu re s .  The GLC column was 
c o n d i t io n e d  as  recommended in  " S i l y l a t i o n  M ethods, T echniques and 
R eagents"  which i s  e s s e n t i a l l y  the  method r e p o r t e d  by Sweeley _et a l , 
(126) and Vandenheuvel (1 3 2 ) .  The sam ples were an a ly zed  by GLC a t  
d i f f e r e n t  time i n t e r v a l s ,  a f t e r  30 , 60 , 90 and 120 m in u te s .  
F u r th e rm o re ,  th e  sam ples, in  which th e  r e a c t i o n  was c a r r i e d  o u t  a t  
room te m p e ra tu re ,  were a llow ed  to  r e a c t  o v e r n ig h t ,  and th e  fo l lo w in g  
day th ey  were a n a ly z e d  by GLC* No r e a c t i o n  was ev id en ced  by GLC 
a n a ly se s  under d i f f e r e n t  column te m p e ra tu re s ,  b o th  by  i so th e rm a l  
te m p e ra tu re s  and p ro g ra m e d  t e m p e ra tu re s .  The sam ples were an a lyzed  
by th e  TLC m ethod, and th e  r e s u l t s  ap pea red  to  co n firm  th e  f a c t  t h a t
F ig u re  11 .-  GLC a n a ly s i s  o f  o c h ra to x in  A, 1 j i l  (1 .68  >ig) o f s ta n d a rd  
o c h ra to x in  A d is s o lv e d  in  t e t r a h y d r o f u r a n  was i n j e c t e d ;  
programmed column tem p era tu re  from 180° to  250°, h e a t in g  
r a t e  50 C per m inute was u se d .  O ther a n a l y t i c a l  c o n d i t io n s  










th e re  was no a p p a re n t  r e a c t i o n  under th e s e  c o n d i t i o n s .  S ince th e  
s e n s i t i v i t y  o f th e  GLC method under the  c o n d i t io n s  o f t h i s  experim ent 
were found to  be ap p rox im ate ly  100 tim es l e s s  th an  the  TLC method, 
t h i s  experim ent was d is c o n t in u e d .
Two main ro u t in e  c o n f i rm a t io n  methods were e x p lo re d  in  t h i s  
i n v e s t i g a t i o n  and th e  r e s u l t s ,  when r e q u i r e d  were s u b s t a n t i a t e d  by 
in s t ru m e n ta l  m ethods. C o n s id e rab le  a t t e n t i o n  sh ou ld  be devo ted  to  
chem ical d e r i v a t i v e  fo rm a tio n  as  a  mean o f p ro v id in g  complementary 
d a ta  f o r  th e  d i r e c t  TLC c o n f i rm a t io n  o f th e  i d e n t i t y  o f  o c h ra to x in s .  
This i d e n t i f i c a t i o n  i s  b a sed  on th e  a l t e r a t i o n  o f the  TLC b e h av io r  of 
o c h ra to x in s ,  w i th o u t  e f f e c t i n g  m ajor changes i n  the  main chromophore 
o f the  o c h ra to x in  m o lecu les  so  t h a t  th ey  s t i l l  m a in ta in  t h e i r  main 
f l u o r e s c e n t  p r o p e r t i e s ,  th u s  m a in ta in in g  th e  h ig h  s e n s i t i v i t y  of t h i s  
method. Three r e a c t i o n  sy s te m s , t r i f l u o r o a c e t i c  a c i d ,  a c e t i c  
anhydride  and t r i f l u o r o a c e t i c  anhydride  were u t i l i z e d .  The c o n d i t io n s  
under which the  r e a c t i o n s  were conducted  were d e s c r ib e d  i n  M a te r i a l s  
and M ethods.
No e v id en ce  o f  r e a c t i o n  betw een o c h ra to x in  A and t r i f l u o r o a c e t i c  
a c id  was a p p a ren t  by TLC a n a ly s i s  o f th e  r e s id u e s  under th e  tim e and 
c o n d i t io n s  o f t h i s  e x p e r im e n t .  S ince  th e  o c h ra to x in  m o le c u le s ,  as 
r e p o r t e d  by Merwe e_t a l .  (7 1 ) ,  do n o t have an i s o l a t e d  o l e f i n i c  
l in k a g e  a d ja c e n t  to  an en o l  e t h e r  u n i t ,  as d e s c r ib e d  f o r  a f l a t o x i n s  by 
A n d re llo s  and Reid ( 3 ) ,  no r e a c t i o n  o f th e  ty p e  o f  Bowman and Fordham 
(10) was e x p ec ted  w i th  t r i f l u o r o a c e t i c  a c id ;  however, an  e s t e r i f i c a t i o n  
a t  th e  p h e n o lic  hydroxyl group of th e  o c h ra to x in s  c o u ld  have been 
p o s s ib le  w i th  t r i f l u o r o a c e t i c  a c i d .  However, Walbeek e t  a l ,  (137) 
r e p o r t e d  th e  r e a c t i o n  betw een 1 >\g o f  o c h ra to x in  A w i th  2 drops o f
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a c e t i c  anhydride  a t  room tem p era tu re  fo r  an h o u r .  They found a m ajor 
b lu e  f l u o r e s c in g  s p o t  a t  0 .6 1 ,  and minor f lu o r e s c in g  sp o ts  a t  
R f-v a lu c s  0 .3 5 ,  0 .8 8 ,  and 0 .9 3  when th e  r e s id u e s  were ana lyzed  by TLC. 
No a d d i t i o n a l  In fo rm a t io n  was g iv en  on t h i s  r e a c t i o n .
The assum ption  was made, among o th e r  p o s s ib le  r e a c t i o n s  (6 5 ,6 7 ,  
1 0 0 ) ,  t h a t  the  sys tem  r e p o r te d  by  Walbeek e t  a l .  (137) cou ld  have 
undergone an e s t e r i f i c a t i o n  of th e  p h e n o lic  hydroxyl group o f  
o c h ra to x in  A (71) by a c e t i c  anhyd ride  b e in g  added in  e x c e s s .
T h e re fo re ,  the  r a t e  o f e s t e r i f i c a t i o n  o f the  p h en o lic  hydroxyl group 
c o u ld  be a c c e l e r a te d  by u s in g  an excess  o f t r i f l u o r o a c e t l c  anhydride  
r e a g e n t  in s t e a d  of a c e t i c  an h y d ride  presumably because  of an In d u c t iv e  
o r  f i e l d  e f f e c t  c o n t r i b u te d  by th e  s u b s t i t u t i o n  of the  hydrogens in  
th e  CH^-groups o f a c e t i c  anhydride  by f l u o r in e  atoms in  the  t r i -  
f l u o r o a c e t i c  anhyd rid e  m olecu le  ( 3 1 ,5 4 ,6 7 ) .  P re l im in a ry  t r i a l s  
in d ic a te d  t h a t  sm a ll  b u t  d e te c t a b l e  amounts of p rodu c t were o b ta in ed  
by run n ing  b o th  r e a c t i o n s  a t  room te m p e ra tu re s .  F u r th e r  ex p e r im e n ts ,  
by co nd uc ting  b o th  r e a c t i o n s  a t  d i f f e r e n t  tem p era tu re s  and s o l v e n t s ,  
in d ic a te d  t h a t  th e  optimum tem p era tu re  ranged  from 50° to  75°C fo r  
b o th  r e a c t i o n s .  However, te t r a h y d r o fu r a n  was found to  be th e  b e s t  
s o lv e n t  fo r  the  t r i f l u o r o a c e t l c  anhydride  r e a c t i o n  whereas the  
a d d i t io n  of any s o lv e n t  o th e r  th an  a c e t i c  anhydride  i t s e l f  was the  
b e s t  c o n d i t io n  f o r  th e  o c h ra to x in  A a c e t i c  an hydride  r e a c t i o n .
The a c e t i c  anhydride  d e r i v a t i v e s  o f  o c h ra to x in  A were m ain ly  
two f lu o r e s c in g  s p o ts  in  a d d i t i o n  to  th e  rem ain ing  o c h ra to x in  A.
These f lu o r e s c in g  d e r i v a t i v e  s p o ts  were named AAD̂  and AAL  ̂ in  o rd e r  
o f t h e i r  d e c re a s in g  R e v a l u e s  (0 .70  and 0 .6 6 ) ,  one m ig ra te s  above 
o c h ra to x in  A and th e  o th e r  below i t  on a  TLC p l a t e  w i th  S o lv en t 16 -7 .
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This i s  n o t ic e d  by o b se rv in g  P la te s  3 and 4 .  In  c o n t r a s t ,  t r i f l u o r o ­
a c e t i c  anhydride  d e r i v a t i v e s  a re  c h a r a c t e r i z e d  by one m ajor f lu o r e s c in g  
sp o t  and two m inor f l u o r e s c in g  sp o ts  in  a d d i t i o n  to  th e  rem aining  
o c h ra to x in  A. These sp o ts  were named TFAD  ̂ (R^ 0 .8 5 ) ,  which i s  the  
most abundan t;  TFAD2 (Rj 0 .7 0 ) ,  which m ig ra te s  j u s t  above o c h ra to x in  
A, and TFAD^ (Rg 0 .45 )  below a l l  the  o th e r  t o x in s .  T h is  can be 
observed  on P la te s  3 and 4 .
Both r e a c t i o n  system s produced s e v e r a l  f lu o r e s c in g  sp o ts  w ith  
o c h ra to x in  B; however, no a p p a re n t  r e a c t i o n  was observed  w i th  
o c h ra to x in  C. P la te  3 shows a  com parison under s i m i l a r  c o n d i t io n s  
between th e se  two re a g e n t  sys tem s. Q u a n t i t a t i v e  f lu o r o d e n s i to m e t r ie  
measurements were conducted  in  which b o th  th e  f lu o r e s c in g  d e r iv a t i v e  
sp o ts  and th e  rem ain ing  o c h ra to x in s  were d e te rm in e d . The r e s u l t s  o f  
th e s e  measurements a r e  shown i n  T able  6 .  I t  can be o b se rv ed ,  from 
Table 6 and P la te s  3 and 4 ,  t h a t  th e  t r i f l u o r o a c e t l c  anhydride  
d e r iv a to g r a p h ic  r e a c t i o n  w ith  o c h ra to x in  A produced more c o n s i s t e n t  
r e s u l t s  and g r e a t e r  y i e l d s  o f one i d e n t i f i a b l e  d e r i v a t i v e  than  a c e t i c  
anhydride  r e a c t i o n  w ith  o c h ra to x in  A. I n  c o n t r a s t ,  th e  r e s u l t s  w i th  
o c h ra to x in  B appeared  to  fav o r  th e  a c e t i c  anhyd rid e  over th e  t r i -  
f l u o r o a c e t i c  anhydride  sys tem . However, the  I d e n t i t y  of the  main 
f lu o r e s c in g  s p o t  i s  d o u b tfu l  because  i t  has th e  same R ^-value  (0 .7 6 )  
as the  a c e t i c  anh yd ride  d e r i v a t i v e  o f  an o c h ra to x in  B - a r t i f a c t  
( c u l tu r e  1-B p u r i f i e d  e x t r a c t ) . The T L C -pa tte rns  o f th e se  two types 
o f d e r i v a t i v e s  produced when r e a c t i n g  th e  t r i f l u o r o a c e t l c  anh yd ride  
system  w i th  a u th e n t i c  o c h ra to x in  B and w i th  o c h ra to x in  B - a r t i f a c t  
( c u l tu r e  1-B p u r i f i e d  e x t r a c t )  a r e  c o n s i s t e n t l y  d i s t i n g u i s h a b l e ,  and 
t h i s  can  be ev id en ced  by r e f e r r i n g  to  P l a t e  5 ,  These r e s u l t s  were
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P la te  3: TLC pho tograph  showing b o th  t r i f l u o r o a c e t l c  anhydride
d e r i v a t i v e s  and a c e t i c  anhydride  d e r i v a t i v e s  o f o c h ra to x in s  
A, B and C.
T r i f l u o r o a c e t l c  anhydride  d e r i v a t i v e s  o f  A, B and C 
co rre sp o n d  t o  s p o ts  1 ,  4 and 7 . S tand ard  o c h ra to x in s  A, B 
and C c o rre sp o n d  to  s p o ts  2 ,  5 and 8 r e s p e c t i v e l y .  A c e tic  
anhydride  d e r i v a t i v e s  o f  A, B and C c o rre sp o n d  to  s p o ts  3,
6 and 9 r e s p e c t i v e l y .
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P la te  4 : TLC pho tog raph  showing a p p l i c a t io n s  o f th e  t r i f l u o r o a c e t i c
a c id  (TFA) and a c e t i c  anhydride  (AA) d e r iv a to g ra p h ic  
te c h n iq u e s  f o r  c o n f i rm a t io n  o f th e  p re sen c e  o f  o c h ra to x in  in  
mold e x t r a c t s  and o f  o c h ra to x in s  re c o v e re d  from food e x t r a c t s  
p re v io u s ly  c o n ta m in a te d .
1. TFA D er. o f  o c h ra to x in  A
2 .  O ch ra to x in  A s t d .
3 .  AA D er. o f o c h ra to x in  A
4 .  S td .  o c h ra to x in  A and B
5 . TFA D er. o f  s t d .  A and B
6 .  TFA D er, o f  c u l t u r e  e x t r a c t  o f  QM 5828 (o c h ra to x in  A 
and B
7 . O ch ra to x in  A s t d .  + TFA, r e a c t i o n  s to p p ed  a f t e r  5 min. 
a t  75°C




Remaining O ch ra tox in s  and Amount o f  D e r iv a t iv e s  Formed by R eac tin g  
w i th  T r i f l u o r o a c e t l c  Anhydride on A c e t ic  Anhydride
R e a c ta n ts
Remaining
MR R eacted
M e a s u r a b l e D e r i v a t i v e  
F lu o re scen ce  
Peak Area
O ch ra to x in  A s ta n d a r d 1 .68 - -
O ch ra to x in  A + T F A ^ 0.69 0.99 3.55
O ch ra to x in  A + A A ^ 0.73 0 .95 T races
O ch ra to x in  B s ta n d a rd 4 .82 - -
O ch ra to x in  B + TFA 4.65 0 .17 4 .12
O ch ra to x in  B + AA T races 0.12 5 .2
O ch ra to x in  C s ta n d a rd 4 .5 5 - -
O ch ra to x in  C + TFA 3.13 1 .42 -
O ch ra to x in  C + AA 1.25 3 .3 0 -
(a ) s o l i d  s t a t e  f lu o re s c e n c e  measured d i r e c t l y  on th e  TLC p l a t e  and 
e x p re s se d  as the  f lu o re s c e n c e  peak a r e a  (cm^).
(b>TFA i s  t r i f l u o r o a c e t l c  a n h y d r id e .
(C)AA i s  a c e t i c  a n h y d r id e .
(d)The r e a c t i o n s  were c a r r i e d  ou t a t  80°C f o r  30 m in u te s .
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P la te  5: Photograph of a TLC p l a t e  showing a  t y p ic a l  a p p l i c a t io n  of
the  t r i f l u o r o a c e t i c  anhydride  d e r iv a to g ra p h ic  method of 
c o n f i rm a t io n  of the  p resence  o f  o c h ra to x in s  as a p p l ie d  to  
o c h ra to x in  B and a m e ta b o l i t e ,  which resem bles o c h ra to x in  B, 
produced by C u l tu re  No. 1 o f A s p e rg i l lu s  ochraceus grown on 
a u to c la v ed  m o is tened  c o rn .  Ten m i c r o l i t e r s  were s p o t te d  a t  
th e  o r i g i n  i n  each  c a s e .
Spots No. 1 and 6 r e p r e s e n t  the  TFA d e r i v a t i v e s  and 
rem ain ing  p o r t io n  o f  o c h ra to x in  B .
Spots No. 2 and 5 r e p r e s e n t  the  TFA d e r iv a t iv e s  and 
rem ain ing  p o r t io n  of C u l tu re  No. 1 m e ta b o l i t e .
Spots No. 3 and 8 r e p r e s e n t  a  1 0 - m ic r o l i t e r  s p o t  of 
s ta n d a rd  m e ta b o l i te  o f  C u l tu re  No. 1 .
Spots No. 4 and 7 r e p r e s e n t  a  1 0 - m ic r o l i t e r  s p o t  o f  
s ta n d a rd  o c h ra to x in  B and a 4 - m i c r o l i t e r  sp o t  o f  
o c h ra to x in  A.
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confirm ed  by b o th  u l t r a v i o l e t  sp e c tro sc o p y  (F ig u re s  7 and 9) and 
q u a l i t a t i v e  i n f r a r e d  a n a ly s i s  (F ig u re s  12 and 1 3 ) .
F u rthe rm ore , the  s u i t a b i l i t y  o f the  t r i f l u o r o a c e t l c  anhydride  
d c r iv a to g r a p h ic  method was t e s t e d  w i th  o th e r  p u r i f i e d  e x t r a c t s  of 
m olds, which were grown in  P e t r i  d ish e s  c o n ta in in g  m ois tened  a u to -  
c la v e d  c o rn .  No o c h ra to x in s  were found , as judged by TLC a n a ly s i s  and 
t r i f l u o r o a c e t l c  anh yd ride  d e r iv a to g ra p h lc  c o n f i rm a t io n  o f th e s e  
to x in s ,  on 7 c u l t u r e s  o f A s p e r g i l lu s  ochraceous W ilh , in c lu d in g  
C u l tu re s  No. 1 , 2 ,  3 ,  4 ,  and 6 k in d ly  f u r n i s h e d  by Dr, C h r is te n s e n  
(2 4 ) ,  th e  C u l tu re  NRRL 3174, and one l o c a l  c u l t u r e  i s o l a t e d  from M ilo . 
However, A s p e r g i l lu s  ochraceous Wilh s t r a i n  QM 5828 was found to  
produce o c h ra to x in  A and B by TLC a n a ly s i s  and confirm ed by th e  t r i -  
f l u o r o a c e t i c  an h yd rid e  d e r iv a to g ra p h lc  m ethod. T h is  can  be observed  
by r e f e r r i n g  to  P l a t e  4 and by o b se rv in g  the  f l u o r e s c in g  sp o ts  5 and
6 .  F u r th e r  c o n f i rm a t io n  was c a r r i e d  o u t  by th e  m ic ro b io lo g ic a l  a ssa y  
m ethod.
A d d i t io n a l  in fo rm a t io n  r e g a r d in g  some a s p e c t s  o f th e  n a tu r e  o f 
th e  t r i f l u o r o a c e t l c  anhyd rid e  d e r i v a t i v e  can be o b ta in e d  by examining 
and comparing F ig u re s  14 and 15 which show the  UV s p e c t r a  of 
o c h ra to x in  A and o c h ra to x in  A - t r i f l u o r o a c e t l c  anhydride  d e r iv a t i v e  
de te rm ined  i n  cy c lo h ex an e .  A hyperchrom ic s h i f t  i s  obse rv ed  in  th e  
spectrum  of o c h ra to x in  A - t r i f l u o r o a c e t l c  an hy d ride  d e r i v a t i v e .  There 
i s  a  s t ro n g  .ad new band c e n te re d  a t  .A. 276 nyi. In  a d d i t i o n ,  t h e r e  i s  
a b roaden in g  and in c r e a s in g  i n t e n s i t y  o f  the ^ tn a x  n e a r  220 nyj as 
compared to  t h a t  o f  o c h ra to x in  A. The h ig h e s t  y i e l d s ,  (over  95%) as  
de te rm ined  by TLC a n a l y s i s ,  were o b ta in e d  by add ing  more t e t r a h y d r o -  
fu ra n  a t  t t e  mid-way o f  th e  r e a c t i o n .  T h e re fo re ,  the  i d e n t i t y  of
F ig u re  1 2 , -  I n f r a r e d  spectrum  o f  o c h ra to x in  B, d is s o lv e d  in
c h lo ro fo rm , was de te rm ined  a g a i n s t  pure  ch lo ro fo rm  
i n  matched 0 ,1  mm NaCl c e l l s .
• cmuiokn i frequency (c m 1)
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F ig u re  1 3 , -  I n f r a r e d  spectrum  o f  C u l tu re  1-B p u r i f i e d  e x t r a c t , 
d i s s o lv e d  In  c h lo ro fo rm , was de te rm ined  a g a i n s t  
pure  ch lo ro fo rm  in  matched 0 ,1  mm NaCl c e l l s .
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F ig u re  1 4 . -  U l t r a v i o l e t  spectrum  of o c h ra to x in  A, d is s o lv e d  in
c y c lo hexane , was de te rm ined  a g a in s t  pure  cyclohexane 
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F ig u re  1 5 .-  U l t r a v i o l e t  spectrum  of t r i f l u o r o a c e t l c  anhydride
d e r iv a t iv e  o f o c h ra to x in  A, d i s s o lv e d  in  cy c lo h ex an e , 
was de term ined  a g a in s t  pure  cyclohexane in  matched 
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o c h ra to x in  A * t r i f l u o r o a c e t l c  anhyd rid e  d e r i v a t i v e  can be f u r t h e r  
confirm ed  by UV s p e c t ro s c o p y .  T his a d d i t i o n a l  t e s t  by UV s p e c t r o s ­
copy can be c a r r i e d  o u t  r o u t in e ly  s in c e  t h i s  method i s  s im p le ,  r a p id  
and v e ry  s e n s i t i v e  (5 to  10 jug o f o c h ra to x in  A ) . The UV a b s o rp t io n  
bands a re  so  s t ro n g  and th e  r e a c t i o n ,  under th e  d e s c r ib e d  c o n d i t i o n s ,  
i s  a lm ost co m ple te ;  t h e r e f o r e ,  the  UV spectrum  can  be o b ta in e d  a f t e r  
e v a p o ra t io n  o f  th e  ex cess  r e a g e n ts  and s o lv e n t  w ith o u t  f u r t h e r  
p u r i f i c a t i o n .
The m ic ro b io lo g ic a l  a s sa y  te c h n iq u e  was i n v e s t i g a t e d  in  o rd e r  to  
de term ine  i t s  f e a s i b i l i t y  to  supplem ent th e  d e te c t i o n  and c o n f i rm a t io n  
of th e  p resence  of o c h ra to x in s  in  food m a t e r i a l s  by TLC a n a l y s i s .  The 
main purpose o f  t h i s  a sp e c t  o f  t h i s  i n v e s t i g a t i o n  was to  f in d  a 
s u i t a b l e  and s e n s i t i v e  t e s t  organism  f o r  th e  m ic r o b io lo g ic a l  a ssa y s  o f  
o c h ra to x in s  and to  o b ta in  o v e rn ig h t  r e s u l t s .  These r e s u l t s  sh o u ld  be 
c h a r a c t e r i z e d  by c l e a r  and d i s t i n c t  grow th  I n h i b i t i o n  z o n e s ,  which 
sh o u ld  be c o r r e l a t e d  w i th  th e  o c h ra to x in  c o n c e n t r a t io n s  a t  th e  ppm 
l e v e l s .  Four m icroo rgan ism s, in c lu d in g  two o f  th e  genus B a c i l l u s , one 
S a rc in a  and one M icrococcus were s t u d i e d .  Of th e se  t e s t  o rgan ism s , 
on ly  B a c i l l u s  m egaterlum  s t r a i n  NRKL B-1368 had p re v io u s ly  been 
r e p o r te d  in  th e  m ic ro b io lo g ic a l  a ssay  o f  o c h ra to x in  A (2 5 ,1 0 9 ,1 2 2 ) .
P re l im in a ry  t r i a l s  I n d ic a te d  t h a t  b e s t  r e s u l t s  were o b ta in e d  
w i th  th e  recommended inoculum  c o n c e n t r a t io n  s t a t e d  in  M a te r i a l s  and 
M ethods. A medium o f  s i m i l a r  c o m p o s it io n  as  th e  DXFCO A n t ib io t i c  
Medium 1 gave th e  b e s t  growth and i n h i b i t i o n  resp o n se  o f  th e  media 
t e s t e d  w i th  th e  fo u r  o rgan ism s . In  a d d i t i o n ,  no re spo nse  was o b ta in e d  
from any of th e  s o lv e n ts  u se d .  M icrococcus f la v u s  ATCC No. 10240 was 
l e s s  s e n s i t i v e  to  o c h ra to x in  A th an  a l l  th e  o th e r  organism s t e s t e d .
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However, I t  was the  second most s e n s i t i v e  organism  to  o c h ra to x in  B as  
can be observed  by r e f e r r i n g  to  P la te  6 .  Sa r c i n a  l u t e a  ATCC No. 941 
was n o t  as  s e n s i t i v e  to  e i t h e r  o c h ra to x in s  A o r  B as J}. mcfiatcrium 
NRRL B-1368 and B a c i l lu s  c e rc u s  mycoides s t r a i n  LSU. T h is  can be 
ev idenced  by r e f e r r i n g  to  P la te s  6 and 7, and to  Table  7 .  F u rthe rm ore , 
on T able  7 i t  i s  e v id e n t  t h a t  j3. c e reu s  mycoides was th e  most s e n s i ­
t i v e  t e s t  o rganism  to  o c h ra to x in  A. I n  a d d i t i o n ,  t h i s  l a t t e r  
o rganism  was the  most s e n s i t i v e  t o  o c h ra to x in  B as ~.an be observed  in  
P la te  7 . A c ase  o f t o t a l  r e s i s t a n c e  (no i n h i b i t i o n  even a t  th e  
h ig h e s t  c o n c e n t r a t io n )  t o  o c h ra to x in  A was observed  in  one Inoculum 
o f B . m egaterium  NRRL B-1368.
The s e n s i t i v i t y  o f  B. m egaterium to  o c h ra to x i '  A was 2 .S  jig or 
above, and to  o c h ra to x in  B was 6 jig o r above, wherees th e  s e n s i t i v i t y  
of B. c e re u s  mycoides t o  th e  same o c h ra to x in s  were 1 .5  j ig  o r  above and 
3 .0  jig o r  above, r e s p e c t i v e l y .  The r e s u l t s  w i th  th e  B. megaterium  
a ssa y  of o c h ra to x in  A a r e  i n  agreem ent w i th  th o se  of Clements (25) who 
re p o r te d  t h a t  the  s e n s i t i v i t y  o f  13. m egaterium to  o c h ra to x in  A was 
4 jig  of c rude  o c h ra to x in  A. The B. c e re u s  mycoides a s sa y  o f  
o c h ra to x in  A was pursued  f u r t h e r  by e x p lo r in g  th e  p o s s i b i l i t y  o f u s in g  
i t  f o r  q u a n t i t a t i v e  measurements o f t h i s  t o x i n .  Four e q u a l ly - s p a c e d  
c o n c e n t r a t io n s  were u t i l i z e d  in  t h i s  d tu d y . An example can  be 
observed  in  P l a te  8 ,  and th e  r e s u l t s  a re  p re s e n te d  in  T able  8 .  The 
p r e c i s i o n  o f t h i s  method i s  a p p a re n t  by a low e x p e r im e n ta l  e r r o r  
ex p re s se d  as a  c o e f f i c i e n t  o f  v a r i a t i o n  o f  5 .9  p e r c e n t .
The l i n e a r i t y  fu n c t io n  o f c o n c e n t r a t io n  i n  r e l a t i o n  to  
i n h i b i t i o n  re sp o n se  can be  observed  i n  F ig u re  1 6 . T h is  l i n e a r  
r e l a t i o n s h i p  was s u b s t a n t i a t e d  by th e  r e s u l t s  of an a n a l y s i s  o f
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P la te  6: M ic ro b io lo g ic a l  a ssa y  o f o c h ra to x in s  A and B us in g
d i f f e r e n t  t e s t  o rgan ism s , S a rc in a  l u t e a  and M icrococcus 
f l a v u s . I n  each  P e t r i  d i s h ,  s t a r t i n g  from the  bo ttom  
c lo c k w ise ,  th e  f i l t e r  paper d i s c s  a r e  as  fo l lo w s :
S . l u t e a . -  B lank , o c h ra to x in  B (12 ,5  j i g ) , o c h ra to x in  B 
(15 .6  >ig) , b la n k ,  o c h ra to x in  A (1 ,6 8  jig) , 
and o c h ra to x in  A (3 .36  j i g ) .
M. f l a v u s Bl ank,  o c h ra to x in  B (12 ,5  j ig ) ,  o c h ra to x in  B 
(1 5 .6  >ig), b l a n k ,  o c h ra to x in  A (1 ,6 8  >ig), 
and o c h ra to x in  B (3 1 .2  >ig).
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1 2
P la te  7: M ic ro b io lo g ic a l  a ssay  run  under i d e n t i c a l  c o n d i t io n s  u s in g
two d i f f e r e n t  t e s t  organ ism s: P e t r i  d i s h  Mo. 1 . -  B a c i l l u s
c e reu s  mycoides LSU. P e t r i  d i s h  No. 2 . -  B a c i l lu s  
m egaterium  NRRL 1368. In  each  P e t r i  d i s h ,  s t a r t i n g  from 
th e  bo ttom  c o u n te rc lo c k w is e ,  th e  f i l t e r  paper d i s c s  a re  as 
fo l lo w s:  B lank , o c h ra to x in  A (3 .36  j ig ) ,  o c h ra to x in  A
(1 .6 8  j ig ) ,  b l a n k ,  o c h ra to x in  B (1 2 .5  j ig ) ,  o c h ra to x in  B 
(15 .6  j ig ) ,  and P e t r i  d i s h  No. 1 has one more b la n k .
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TABLE 7
M ic ro b io lo g ic a l  Assay o f  S tan dard  O chra tox in  A Using 
Three D i f f e r e n t  T es t  Organisms




C o n c e n t r a t io n v * Oil)
20 40 10 20 30 40
T e s t  organism P la te  No. I n h i b i t i o n Zone^c^ (ran)
B. megaterium  
NRRL B-1368 1 0 0 2 .0 3 .7 4 .9
2 0 0 0>)TS 1 .7 3 .9 4 .7
3 0 0 T S ^ 1 .5 3 .5 4 .2
B. c e re u s  mycoides 
(LSU) 1 0 0 2 .5 3 .5 4 .4 6 .1
2 0 0 1 .9 3.4 4 .2 4 .9
3 0 0 2 .5 3 .6 4 .3 5 .7
M. f la v u s
1 0 0 0 0 1.4 2 .5
2 0 0 0 0 1 .5 2 .7
3 0 0 0 0 1 .5 3 .3
^ ^ C o n c e n t r a t io n  o f  o c h ra to x in  A -  Q il) (0 .168  jjg)
0*D
TS means too  sm a ll  to  b e  measured
(c) C o rre c te d  i n h i b i t i o n  zone in  ran -  t o t a l  d iam ,-  6 .5  ran
137
P lace  8: M ic ro b io lo g ic a l  a s sa y  o f fo u r  s ta n d a rd  o c h ra to x in  A concen­
t r a t i o n s  u s in g  B. c e reu s  mycoides as the  t e s t  o rgan ism . The 
i n h i b i t i o n  response  i s  a  l i n e a r  f u n c t io n  of the  c o n c e n tra ­
t i o n .  The f i l t e r  paper d i s c s  in  b o th  P e t r i  d ish e s  shown a re  
as fo llo w s  s t a r t i n g  c o u n te rc lo ck w ise ;  B lank , o c h ra to x in  A 
(1 .6 8  >jg), o c h ra to x in  A (3 .3 6  >ig), b l a n k ,  o c h ra to x in  A 
(6 .72  >ig), and o c h ra to x in  A ( 5 . 0 4 / ig ) .
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TABLE 8
The O chra to x in  A C o n c e n tra t io n  In f lu e n c e  on the  
C o r re c te d  I n h i b i t i o n  Zones
T e s t  Organism; 3 .  mycoldes ce reus  LSU, 1% Inoculum 
C o n c e n tra t io n ,  A n t ib io t i c  Medium 1
C o n c e n tra t io n s  (Mg)
1.68 3.36 5.04 6.72
P la te  No. I n h i b i t i o n Zone^a^(mm)
1 2 .7 3.5 4 .4 6.1
2 1 .9 3 .4 4 .2 4 .9
3 2 .7 3 .6 4 .3 5.7
4 2 .6 3 .6 4 .3 5 .5
C o rre c te d  I n h i b i t i o n  Zone -  t o t a l  d lam .-  6 .5  mm





















O c h r a t o x i n  A C o n c e n t r a t i o n  {jxg )
F ig u re  1 6 .-  S tandard  c a l i b r a t i o n  curve  r e s u l t i n g  from the  m ic ro ­
b i o lo g i c a l  a s sa y  o f s ta n d a rd  o c h ra to x in  A u s in g  1 p e rc e n t  
inoculum c o n c e n t r a t io n  o f  B a c i l l u s  c e re u s  mycoldes LSU.
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v a r ia n c e  o f  th e  d a t a ,  and then  by a s s e s s in g  th e  type  of re sp o n se  of 
th e  v a r i a b le s  a c t u a l l y  p r e s e n t .  I t  can be observed  in  Table 9 t h a t  
on ly  th e  l i n e a r  re sp o n se  was h ig h ly  s i g n i f i c a n t  (P <  0 .0 1 ) .  The o th e r  
re sp o n se s  were n o t  s i g n i f i c a n t .  S ince  th e  sou rce  o f  v a r i a n c e ,  p l a t e s ,  
was s i g n i f i c a n t  (P ^  0 .0 5 ) ,  to  minim ize th e  e x p e r im e n ta l  e r r o r ,  a  
minimum of th r e e  P e t r i  d is h e s  fo r  each  sample sh o u ld  be u t i l i z e d  fo r  
q u a n t i t a t i v e  m ic ro b io lo g ic a l  a s sa y  of o c h r a to x in s .  In  a d d i t i o n ,  i f  
th e  r e s u l t s  a re  going  to  be r e p o r t e d  as o c h ra to x in s  A o r B, th en  i t  i s  
n e c e s s a ry  to  p u r i f y  th e  sample e x t r a c t s  more co m p le te ly  due to  th e  
f a c t  t h a t  some pigm ents produced by some s t r a i n s  o f  A. ochraceous Wilh 
and e x t r a c t e d  s i m i l a r l y  as the  o c h ra to x in s  a r e  a l s o  to x ic  to  ] i .  c e reu s  
m yco ides . This can  be observed  on P la te  9 .
The m ic ro b io lo g ic a l  a ssay  te c h n iq u e ,  u s in g  li ,  c e reu s  mycoides as 
th e  t e s t  o rgan ism , was t e s t e d  w i th  s e v e r a l  p u r i f i e d  A s p e rg i l lu s  
ochraceous Vfilh c u l t u r e  e x t r a c t s .  The r e s u l t s  a r e  shown on P la te  9 
and T able  10 . I t  can  be observed  t h a t  c u l t u r e  e x t r a c t s  229, 230 
(NRRL 3174), 231 (QM 5828) were found to  be to x ic  to  B. c e reu s  
m y co ides . In  a d d i t i o n ,  the  ye llow  pigm ents o f c u l t u r e  QM 5826 were 
e x t r a c t e d  and p u r i f i e d  s i m i l a r l y  as  the  o c h ra to x in s  were a l s o  found to  
be t o x i c .  However, n e i t h e r  C u l tu re  No. 1-B p u r i f i e d  e x t r a c t  
(o c h ra to x in  B a r t i f a c t )  nor i t s  ye llo w  pigment (C u l tu re  1 Y^-yellow  
pigment) were found to  be t o x i c .  These r e s u l t s  were s u b s t a n t i a t e d  by 
b o th  th e  t r l f l u o r o a c e t i c  d e r iv a to g r a p h lc  method ( P l a te s  4 and 5) and 
by in s t ru m e n ta l  methods (F ig u re s  8 and 9 ,  and 12 and 1 3 ) .  F u r th e rm o re , 
th e  t r l f l u o r o a c e t i c  a c id  d e r i v a t i v e  of o c h ra to x in  A was n o t  found to  
be  t o x ic  to  B. c e re u s  mycoides as  judged by no growth i n h i b i t i o n  
re sp o n se  of t h i s  d e r i v a t i v e  i n  c o n c e n t r a t io n s  com parable to
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TABLE 9
A n a ly s is  of V ariance  o f  M ic ro b io lo g ic a l  Assay o f  Four E q u a l ly -  
Spaced C o n c e n tra t io n s  of S tan d ard  O chra to x in  A
T e s t  Organism: B. c e re u s  mycoides LSUf 1% Inoculum C o n c e n tra t io n ,
A n t i b io t i c  Medium 1
Source d . f . S.S. M.S. F -v a lu e
T o ta l 15 21 .40
P e t r i  d ish e s 3 0 .76 0.253 4.651*
C o n c e n tra t io n s 3 20 .15 6.717 123.47**
L in e a r  resp onse 1 13.33 13.33 245.07**
Q u a d ra t ic  respo nse 1 0 .04 0.04 0.980
Cubic 1 0.075 0.075 2 .359
E r ro r 9 0 .49 0.0544
* S ig n if ic a n c e  a t  P < 0 .0 5
S ig n if ic a n c e  a t  P < 0 .0 1
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P la te  9 . -  M ic ro b io lo g ic a l  a s s a y ,  u s in g  B. c e reu s  mycoides growth 
i n h i b i t i o n  as a complementary t e s t  f o r  con firm ing  the 
p resen ce  o f o c h ra to x in s  i n  v a r io u s  mold e x t r a c t s . The f i l t e r  
paper d i s c s  c o u n te rc lo ck w ise  a re  as fo l lo w s :
P e t r i  d i s h  1 , -  B lank; o c h ra to x in  A (3 .3 6  ; j g ) ; o c h ra to x in  A 
(5 .05  >ig) ; b la n k ;  Mold C u l tu re  QM 5828 ( p u r i f i e d  w a te r  
f r a c t i o n ) ,  which has an a c t i v i t y  e q u iv a le n t  to  24 .0  >ig of 
o c h ra to x in  B; and mold c u l t u r e  No. 8 ,  which has an 
a c t i v i t y ,  e q u iv a le n t  to  23 .6  jig o f o c h ra to x in  B.
P e t r i  d i s h  2 . -  B lank; o c h ra to x in  A (3 .36  jug) ; o c h ra to x in  A 
(5 .0 5  >ig); b la n k ;  Mold C u l tu re  QM 5828 ye llow  pigments 
(hexane s o l u b l e ) ;  and Mold C u l tu re  QM 5828 (CHCl^ 
p u r i f i e d  f r a c t i o n ) ,  which has an a c t i v i t y  e q u iv a le n t  to  
14 .6  >ig o f  o c h ra to x in  A.
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TABLE 10
M ic ro b io lo g ic a l  Assay of S e v e ra l  P u r i f i e d  Mold E x t r a c t s
T e s t  Organism: IK c e reu s  m ycoides. 1% Inoculum C o n c e n tra t io n ,
A n t i b io t i c  Medium 1
C o n c e n tra t io n  (>il)
E x t r a c t Blank jul E x t r a c t s S t d .  O chra tox in  A
No. 20 40 20 40 20 40
I n h i b i t i o n Zone(c  ̂ (mm)
Sample 231 
Yellow pigm ents 0 0 2 .8 T I (b) 3 .7 5 .2
22 9 CHCl-j 0 0 4 .3 1 .1 3 .0 5 .5
229 H20 0 0 3 .2 6 .1 2 .5 5 .3
230 1^0 0 0 3 .5 6 .1 2 .5 4 .6
231 CHC13 0 0 4 .3 6 .8 3 .2 4 .5
231 1^0 0 0 3 .8 6 .3 2 .5 4 .5
C u l t .  No. 1 B 0 0 0 0 3 . 3 5 . 0
O chra tox in 0 0 6 .8 12.7 3 .3 4 .9
^ ^ C o n c e n t r a t io n  of o c h ra to x in  A ■ <°S)Cul)
means too  i r r e g u l a r  to  be measured
(c ^ I t  i s  g iven  as c o r r e c t e d  i n h i b i t i o n  zones i n  mm * t o t a l  diam -  
6 .5 mm
( d ) c o n c e n t r a t io n  of o c h ra to x in  B l a  0 .639 / ig / / i l
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o c h ra to x in  A c o n c e n t r a t i o n ,  which would produce l a r g e  I n h i b i t i o n  
z o n e s .  C o nsequ en tly ,  t h i s  f i n a l  t e s t  can  f u r n i s h  an a d d i t i o n a l  
c o n f i rm a t io n  ev idence  o f  th e  i d e n t i t y  o f  o c h ra to x in  A.
*
SUMMARY
1 . TLC a n a ly s i s  on d ip - c o a te d  2 .5  x 7 .6  cm m ic ro sc o p ic  s l i d e s  was 
m o d if ied  to  be used  as a  r a p id  and s e n s i t i v e  (up to  0 .01 Mg) 
q u a l i t a t i v e  s c re e n in g  method in  m ycotoxin  r e s e a r c h .  A d e v e lo p in g  
s o lv e n t  was proposed  f o r  t h i s  t e c h n iq u e .
2 .  A new d ev e lo p in g  s o lv e n t  f o r  r e g u l a r  TLC p l a t e s  (20 x 20 cm) was 
used w hich gave w e l l  r e s o lv e d  and b r i g h t  peaks f o r  o c h ra to x in s  A,
B and C.
3 . A new F l o r i s i l  column ch rom atog rap h ic  c lean u p  p rocedure  was 
d e v is e d .  S ta n d a rd  r e c o v e r i e s  o f  95 , 93 and 90 p e rc e n t  were 
o b ta in e d  f o r  o c h ra to x in s  A, B and C, r e s p e c t i v e l y .
4 .  A f te r  th e  column ch rom atog raph ic  c lean u p  s te p  in  o c h ra to x in  
d e te r m in a t io n s ,  a  p H -a d ju s ted  aqueous hexane p a r t i t i o n  was 
e f f e c t i v e  i n  e l i m in a t i o n  o f i n t e r f e r i n g  pigm ents and o th e r  
i n t e r f e r e n c e s  from g ree n  c o f f e e ,  Capsicum p e p p e r ,  and b a r l e y  
e x t r a c t s .  However, r e c o v e r i e s  f o r  o c h ra to x in  C were i n c o n s i s t e n t .
5 .  A f lu o r o d e n s i to m e t r ie  method f o r  q u a n t i t a t i v e  d e te r m in a t io n  of
o c h ra to x in s  A, B and C was s tu d i e d  as  random ized b lo c k  d e s ig n s .
The r e s u l t s  of s t a t i s t i c a l  a n a l y s i s  i n d i c a t e d  t h a t ,  e x c e p t  f o r
o c h ra to x in  A ( a l o n e ) , o n ly  a  l i n e a r  r e l a t i o n s h i p  between th e
o c h ra to x in  c o n c e n t r a t io n  and s o l i d  s t a t e  f l u o r e s c e n c e ,  e x p re s se d
2
as th e  peak a r e a  i n  cm , was a s s e s s e d  f o r  th e  e n t i r e  ran ge  of 
c o n c e n t r a t i o n  s t u d i e d .  For o c h ra to x in  A (a lo n e )  b o th  l i n e a r  and 
q u a d r a t i c  r e s p o n se s  o f  c o n c e n t r a t i o n s  were h ig h ly  s i g n i f i c a n t  
(P < 0 . 0 1 ) .
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more c o n s i s t e n t  r e s u l t s  th an  the  a c e t i c  anhydride  d e r i v a t i v e  
p rocedure  o f o c h ra to x in  A r e p o r te d  by Walbeek e t  a l ,  (137) . This 
TFA-THF d e r iv a to g ra p h lc  method o f  o c h ra to x in  A and p o s s ib ly  w ith  
o c h ra to x in  B can be d e te c te d  by TLC a n a ly s i s  and th e  UV s p e c t r o ­
sc o p ic  m ethod. The TFA -ochratoxin  A d e r i v a t i v e s  were n o t  found to  
be to x ic  as measured by th e  m ic ro b io lo g ic a l  m ethod,
11. I n  the  m ic ro b io lo g ic a l  c o n f irm a to ry  t e s t  o f  o c h ra to x in s  i t  was 
found t h a t  B a c i l l u s  c e reu s  mycoides LSU was a  more s e n s i t i v e  t e s t  
o rganism  f o r  th e  m ic r o b io lo g ic a l  a ssa y  o f o c h ra to x in s  A and B th an  
S a rc in a  l u t e a  ATCC No. 941, M icrococcus f l a y u s  ATCC No. 10240 and 
B a c i l lu s  m egaterium  NRRL B-1368. The s e n s i t i v i t y  o f  B. c e re u s  
mycoides to  o c h ra to x in s  A and B was found to  be 1 ,5  and 3 .0  ^ g ,  
r e s p e c t i v e l y .
12. The m ic r o b io lo g ic a l  a s sa y  was t e s t e d  w ith  s e v e r a l  c u l t u r e s  of 
A s p e rg i l lu s  ochraceous W llh e x t r a c t s  and th e  r e s u l t s  were sub­
s t a n t i a t e d  by in s t r u m e n ta l  methods and th e  chem ical d e r iv a to -  
g ra p h ic  method w i th  TFA-THF sys tem .
13. The mold A s p e rg i l lu s  ochraceous QM 5828 was found to  produce 
o c h ra to x in  A and B of th e  molds t e s t e d .  These r e s u l t s  were 
confirm ed  b o th  by th e  chem ical and m ic ro b io lo g ic a l  methods 
d e s c r ib e d .  E x t r a c t s  o f  two o th e r  s t r a i n s  o f  A. ochraceous Wllh 
were found to  be to x ic  to  B. c e re u s  m yco ides . No f u r t h e r  c o n f i r ­
m ation  was c a r r i e d  o u t  because  o f  the  p resen ce  o f  to o  many 
i n t e r f e r i n g  im p u r i t i e s  in  th e  e x t r a c t .
14. The m ic r o b io lo g ic a l  a ssay  as  a  q u a n t i t a t i v e  method f o r  d e te rm in in g  
o c h ra to x in  A, u s in g  B. c e re u s  mycoides as th e  t e s t  o rgan ism , was 
p ro posed . Only a l i n e a r  r e l a t i o n s h i p  betw een th e  c o n c e n t r a t io n
and th e  c o r r e c te d  d iam ete r  o f  the  growth i n h i b i t i o n  zone was found 
to  be s i g n i f i c a n t  (p <  0 .0 1 ) ,  The a n a l y t i c a l  c o n d i t io n s  and 
medium com pos it ion  f o r  t h i s  t e s t  were s u g g e s te d .
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S tandard  O chra to x in s  A, B and C Recovery from Spiked Corn Samples by 
D i f f e r e n t  Methods as Measured by V isu a l  Comparisons
Methods
P e rce n t  & R ecovery(a) 
O chra tox ins  
A B C
Aq. MeOH & Hexane & C e l i t e  C le a n u p ^ ) 55 67 t r a c e s
Aq. MeOH, CHCl^ p a r t .  & F l o r i s i l  C l e a n u p ^ 65 75 40
Aq. MeOH, CHCl^ p a r t .  & F l o r i s i l  C l e a n u p ^ 82 100 o i l  i n t e r f .
No E x t r .  o r  CHCl, p a r t .  F l o r i s i l  Cleanup^6^ 95 100 81
Aver age o f d u p l ic a te  sam ples .
(b ^ S co tt  and Hand (106) method; the  a d d i t io n  o f s ta n d a rd  o c h ra to x in s  
was d i r e c t l y  to  co rn  sam p les .
(c ^ E x tr .  w i th  a q .  m ethanol, aqueous-ch lo ro fo rm  p a r t i t i o n ,  F l o r i s i l
c le a n u p ;  as above, th e  o c h ra to x in s  were added to  th e  corn  sam ples.
(^)same as item  b b u t  o c h ra to x in s  were added to  the  m eth an o lic  e x t r a c t .
e x t r a c t i o n  o r  ch lo ro fo rm  p a r t i t i o n ;  s ta n d a rd s  were d i r e c t l y  
added to  the  column.
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TABLE 2 a
F lu o ro d e n s i to m e tr ie  Measurements o f  O c h r a t o x i n A (a lo n e ) of 
E ig h t  D i f f e r e n t  C o n c e n tra t io n  L evels  E xpressed  in  Cm , 
D ensitom eter S e t t i n g  100 M i l l i v o l t s ,  S e n s i t i v i t y  1 .5 .
C o n c e n tra t io n *  (ftl)
1 2 4 6 8 10 12 14
P la te
■
Area Under Peak -  Cm̂
1 2 .45 5 .28 9.42 13.25 16.05 18.35 21 .00 23.00
2 2 .33 4 .57 8 .85 13.53 14.49 18.90 19.65 26.50
3 2 .39 4 .4 5 8 .99 11.49 15.51 18.60 20 .30 21.38
4 2 .77 5 .03 9.16 11.42 16.32 19.40 20 .70 21 .60
5 1.42 4 .56 6 .37 11.23 14.50 15.65 19.00 20.12
6 1.93 4 .19 6 .77 9 .48 14.08 16.45 19.20 22 .10
♦ C o n c e n tra t io n in  MS of o c h ra to x in A -  (u l ) (1 .68  x IQ '2 Mg/Ml)
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TABLE 3a
F lu o ro d e n s i to m e tr ic  Measurements o f O chra to x in  A ( in  a S tandard  
M ix tu re)  of E ig h t  D i f f e r e n t  C o n c e n tra t io n  L ev e ls  E x p re s s e d . in  Cm , 
D ensitom eter S e t t i n g  100 M i l l i v o l t s ,  S e n s i t i v i t y  1 .0 .
C o n c en tra t io n s*  (n l )




Peak. -  Cm
1 3.93 5 .94 11.30 13.10 15.50 19.40 20 .20 27 .80
2 2 .1 9 4 .1 2 7.75 9 .35 10.05 14.20 14.90 15.52
3 1.93 4 .1 9 6 .65 10.32 10.70 16.12 19.80 23.62
4 2.39 4 .0 5 8.59 9.40 11.21 13.55 16.70 22.61
5 1.68 3.87 7.78 8.72 11.17 16.23 21 .90 22.20
6 2.32 5.15 8 .4 0 10.65 11.92 14.13 16.98 19.20
_2
^ C o n c e n tra t io n  in  Hg o f  o c h ra to x in  A - ( n l )  (2 .5 3  x 10 ^g /j* l)
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TABLE 4 a
F lu o ro d e n s i to m e tr ic  Measurements of O chra to x in  B ( in  a  S tandard  
M ixture) of E ig h t  D i f f e r e n t  C o n c en tra t io n  Levels  E xpressed  in  Cm^. 
D ensitom eter S e t t in g  100 M i l l i v o l t s , S e n s i t i v i t y  1 .0 .
P la te
No.
C o n c en tra t io n s*  (^1)
1 2 4 5 6 8 10 12
Area Under Peak - Cm̂
1 5.23 8.26 14.32 16.79 19.60 23.08 26.60 31.60
2 3 .50 5.47 9 .30 11.22 11.60 15.32 15.90 16.12
3 2 .9 0 6.06 7.93 11.92 12.45 17.30 20 .10 23.10
4 3.68 5.35 10.40 11.15 12.05 14.39 17.41 22.00
5 2 .39 5 .10 9 .65 10.90 13.90 18.10 22.58 22.60
6 3.54 6 .26 10.11 11.92 12 .40 14.13 17.95 19.80




F lu o ro d e n s i to m e tr ic  Measurements o f O chra tox in  C ( i n  a  S tandard  
M ix tu re)  o f E ig h t  D i f f e r e n t  C o n c e n tra t io n  L evels  E xpressed  in  Coi^. 
D ensitom eter S e t t in g  100 M i l l i v o l t s ,  S e n s i t i v i t y  1 .0 .
C o n c en tra t io n s*  0 0 0
1 2 4 5 6 8 10 12
P la te
No. Area Under Peak - Cm2
1 2.19 3.81 7.85 9.22 10.84 14.30 15.15 23.70
2 1.42 2 .3 9 5.22 7.04 7.75 10.78 12.50 14.19
3 0 .90 2.52 5.29 7.29 8 .0 0 12.50 15.92 18.53
4 1.55 2.84 5.68 7.29 8.52 11.38 14.71 18.41
5 1.16 2.97 6 .19 7.10 8.96 12.70 17.15 19.99
6 1.42 3.10 5.66 7.30 8 .57 11.88 13.88 16.20
^ C o n ce n tra t io n  in  o f o c h ra to x in  C ■ ( n l )  (6 .16  x 10 u g / j t l )
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TABLE 6a
A n a ly s is  o f V ariance  of F lu o ro d e n s i to m e tr ic  Measurements 
of O chra to x in  A (a lo n e )  o f  Seven E q u a lly -S p aced  
C o n c e n tra t io n s  (0 .0336 to  0.233 gg)
Source d . f . S .S . M.S. F -v a lu e
T o ta l 41 1550.7983
P la te s 5 32.7433 6.5487 6.382**
C o n c e n tra t io n s 6 1487.2702 247.8784 1449.30**
L in e a r  re spon se 1 1472.60 1472.60 1435.00**
Q u ad ra t ic  respon se 1 13.7180 13.7180 13.677
E r r o r ^ 30 30.1785 1.0262
S i g n i f i c a n t  a t  P < 0 .0 1  
fa)v C o e f f i c i e n t  o f v a r i a t i o n  i s  7 .1  p e rc e n t
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TABLE 7a
A n a lys is  o f V ariance  o f F lu o ro d e n s i tc  n o t r ie  Measurements 
o f O chra tox in  A (mix) o f  S ix  E q ua lly -S paced  
C o n c e n tra t io n s  (0 .0510  to  0.3060 ^g)
Source d . f . S .S . M.S. F -v a lu e
T o ta l 35 1424.72 *
P la te s 5 104.10 20.820 6.527**
C o n c e n tra t io n s 5 1240.88 288.17 90.335**
L in e a r  response 1 1238.61 1238.61 388.28**
Q u a d ra t ic  response 1 1.374 1.374 0.431
Cubic resp o n se 1 0.0311 0.311 0.097
E r r o r ( a^ 25 79.74 3 .190
1f r i t  *S i g n i f i c a n t  a t  P < 0 .0 1  
( ^ C o e f f i c i e n t  o f  v a r i a t i o n  i s  1 3 .3  p e rc e n t
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TABLE 8a
A n a ly s is  o f V ariance  o f F lu o ro d e n s i to m e tr ic  Measurements 
o f O chra tox in  B (mix) o f Six E qually -S p aced  
C o n c e n tra t io n s  (0 .0730  to  0 .438 Kg)
Source d . f . S .S . M.S. F -v a lu e
T o ta l 35 1483.12
P la te s 5 259.25 51.85 15.94**
C o n c e n tra t io n 5 1142.56 228.51 70.26**
L in e a r  response 1 1134.92 1134.92 348.99**
Q u a d ra t ic  respon se 1 7.366 7.366 2.265
Cubic resp o n se 1 0.0005 0.0005 0.0001
E r ro r  ' 25 81 .31 3.252
* * S ig n if ic a n t  a t  P < 0 .0 1
( ^ C o e f f i c i e n t  o f  v a r i a t i o n  i s  12 .1  p e rc e n t
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TABLE 9a
A n a ly s is  o f V ariance  o f F lu o ro d e n s i to m e tr ic  Measurements 
o f O ch ra to x in  C (mix) o f S ix  E qua lly -S paced  
C o n c e n tra t io n s  (0.1232 to  0.7392 j^g)
Source d . f . S.S . M.S. F -v a lu e
T o ta l 35 109.13 •
P la te s 5 50.55 10.11 5.871*1
C o n c e n tra t io n s 5 1001.54 200.30 116.32
L in e a r  respon se 1 1000.11 1000.11 580.78**
Q u a d ra t ic  resp o n se 1 0.352 0.352 0.204
Cubic respo nse 1 0.082 0.082 0.048
E r r o r ^ 25 43 .04 1.722
* * S ig n i f i c a n t  a t  P-<£0.01
^ ^ C o e f f i c i e n t  o f v a r i a t i o n  Is  12 .A p e rc e n t
I
VITA
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